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METHOD OF CONTROLLING AN ACTION,
SUCH AS A SHARPNESS MODIFICATION,
USING A COLOUR DIGITAL IMAGE

FIELD OF THE INVENTION D

The mvention relates to a method for activating a function,
namely an alteration of sharpness, using a colour digital
image. It concerns more particularly, though not exclusively,
an 1improvement of the sharpness of at least one colour of a
digital 1mage. The mvention also concerns a system imple-
menting such method, as well as an 1mage generated by such
method.

The invention further concerns an embodiment for an .
image-capturing and/or reproducing apparatus comprising an
optical system for capturing and/or reproducing images, an
image sensor and/or generator and/or a servo-control system,
the 1mage being processed, in view of 1ts improvement, by
digital image-processing means. 20

The mvention also concerns an apparatus obtained by such
embodiment method.

10

Problem Concerned
25

The satisfactory visualisation of an 1mage requires sharp-
ness to be all the more important than such 1mage represents
detail in compact dimensions.

Thereby, 1t 1s well known to seek to improve the sharpness
of at least one colour in a digital image according to methods, Y
such as described below:

1) In this specific case of cameras:

it 1s possible to use an optical focussing device (focus)
which moves the optical elements enabling to have a
varied range of distances for which the image 1s sharp.
Such a device, manual or motorized, often comprises a
servo-control system enabling to choose the movement
depending on the distances of the objects in the scene.

The applications of such a method are cameras and cine-
cameras. It has the inconvenience of having a limited depth of
field, especially at wide aperture, and a cost and overall size
that are not easily adapted to small-size devices, such as
telephones.

It 1s possible to employ a wavetront coding type solution, 45
which adds a specific optical element to the optical sys-
tem, thus enabling reconstruction by calculating sharp-
ness with a larger depth of field.

The applications of such a method are limited (micros-
copy) and represent disadvantages requiring a specific optical >¢
clement as well as an adjustment to the hardware, including
the optical system.

It 1s possible to implement a solution that adds a specific
optical element comprised of a tlexible liquid lens that 1s
fixed 1n relation to the optics. Such a method represents
a servo-control system enabling to choose the shape of
the said lens depending on the distances of the objects in
the scene.

The applications of this solution (for cameraphones or
cameras) have the disadvantage of being a specific manufac-
turing method, of being costly and having a bulky optical
clement, and of requiring a hardware adaptation.

1) In a more general context, the solutions are:

deblurring algorithms on the brightness or on a colour, by 45
increasing sharpness via the “sharpen” method or any
another method of calculation.
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The applications of such a method (all picture-taking appa-
ratus) represent the disadvantages of having a limited
increase 1n sharpness and thus a very slight increase 1n the
depth of field.

Furthermore, the known design or embodiment techniques
of such 1image-capturing and reproducing apparatus, such as
digital or argentic cameras, consist of {irst selecting the prop-
erties of the hardware elements of the apparatus, namely the
optical system, the sensor and the servo-control system.
Then, as necessary, digital image-processing means are pro-
vided for, 1n order to correct the defects of at least one of the
hardware elements of the apparatus.

In particular, in order to design an optical system for an
apparatus, it 1s first necessary to compile a requirements’
specification charter, 1.e., stating the overall dimensions, the
focal length ranges, the aperture ranges, the field covered, the
performances expressed, either in 1image spot size or in MTF
(Modular Transfer Function), and the cost. Using such
requirements’ specification, the type of optical system can be
selected and, using an optical calculation soiftware tool, such
as the “Zemax” tool, the parameters of this system can be
calculated, enabling to comply with the requirements’ speci-
fications as far as possible. Such optical system focussing 1s
performed interactively. Generally-speaking, an optical sys-
tem 1s designed for the purpose of representing the best qual-
ity at the centre of the 1mage, while the quality of the image
borders 1s usually of an inferior quality.

Furthermore, the common techniques are such that the
optical system 1s designed 1n order to obtain a determined
level of distortion, of vignetting, of blur and of depth of field,
thus enabling to compare the optical system with other optical
systems.

Moreover, for digital photographic apparatus, the sensor
specifications are also stated, namely: the quality of the pix-
els, the surface area of the pixels, the number of pixels, the
micro-lens matrix, the anti-aliasing filters, the geometry of
the pixels and the layout of the pixels.

The common techmique consists of selecting the sensor of
an 1mage-capturing apparatus independently from the other
parts of the apparatus and, notably, from the image-process-
Ing system.

An image-capturing and/or generating apparatus also com-
monly comprises one or several servo-control systems, such
as an exposure system and/or a focussing system (automatic
focus or “autofocus”) and/or a flash-control system.

Thereby, 1n order to specily an exposure system which
activates the aperture and the exposure time, possibly the
sensor gain, means for measuring are determined; shall be
especially determined the 1image zones on which exposure
shall be measured, in addition to the weight affected to each
Zone.

For a focussing system, shall be determined the number
and the position of image zones to be used for focussing. Shall

also be specified, for example, recommendations for the
driver movement.

Whatever the case, such specifications are applied, regard-
less of whether there exist digital means for image-processing
or not.

THE INVENTION

Observations Concerning the Invention

The invention stems from the combination of the following,
observations, which concern it alone:
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1) The 1image-capturing and/or processing apparatus gen-
erate on such images a variable sharpness, which depends

upon the considered colour, as described below by way of
FIGS. 1a and 1.

FIG. 1a shows the converging lens 1 of an optical device
(not illustrated) equipped with a sensor 2 located on a point
3.2 of focus associated to a wavelength A2. Hence, the colour
defined by this length A2 1s sharp on an 1image formed by such
lens when the 1mage represents an object way oiff in the
distance.

Nevertheless, such adjustment entails three problems:

First of all, the point 3.2 of the lens focus directly relates to
the colour defined by this wavelength A2, such that a
point of focus 3.1 directly relating to another colour
defined by a wavelength A1 1s located upstream from the
SeNsor.

Consequently, the image formed by this second colour (A1)
at sensor level 1s not as sharp as the image formed by the first
colour (A2), thus reducing the sharpness of the overall image
tformed by the sensor.

Secondly, the point of focus of the lens for a wavelength 1s
variable, depending on the distance separating it from
object 4 represented on the image.

Hence, FIG. 15 shows the new locations 4.1 and 4.2 of the
points of focus, respectively associated to the wavelengths Al
and A2, when the object represented passes from a far-off
distance (FIG. 1a) to a more close-up distance (FIG. 1b).

In such latter case, 1t appears that the sensor 1s located on
the point of focus of the colour (A1) which, beforehand, did
not provide a sharp 1image.

Thirdly, the point of focus of the lens for a wavelength and

a distant object 1s variable, depending on the position of
the object represented in the image.

11) As shown 1 FIG. 2, which 1s an example of spectral
distribution for an 1image according to axis 6.1, the images are
generally comprised of several colours, the intenseness of
which (Y-axis 6.2) can be similar. In this example are repre-
sented the blue components 5.1 (wavelength approximately
450 nm), the green components 5.2 (wavelength approxi-
mately 550 nm) and the nearby red components (wavelength
approximately 600 nm), although 1t 1s clear that the invention
1s applied to an 1mage regardless of its considered colour and
wavelength distribution (for example, infrared or ultraviolet).

111) The standard sharpness-improvement techniques do
not take advantage of the fact that one of the colours can be
sharper than the others depending on the distance of the object
represented on the image.

1v) Furthermore, the invention stems from the observation
that the standard apparatus’ design or embodiment tech-
niques do not enable to fully take advantage of the possibili-
ties offered by the digital means of image-processing.

THE INVENTION

Thereby, the 1invention concerns, in a general manner, a
sharpness-improvement method for at least one colour of a
digital image, comprising the steps of

selecting from among the image colours at least one colour

referred to as a sharp colour,

reflecting the sharpness of the sharp colour onto atleast one

other improved colour, in order that the improved colour
represents increased sharpness.

In light of the mvention, it 1s thus possible:

to increase the 1image’s perceived sharpness,

to increase the depth of field of a capturing apparatus,

to create a macro function,

to control the depth of field, regardless of the exposure,
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to measure the distance of the objects of an 1imaged scene

using an 1mage,

to 1mprove the exposure and/or focussing and/or flash

servo-control devices,

to reduce the costs of the capturing apparatus,

to reduce, 1n terms of equal performance, the size of the

capturing apparatus,
to read bar-codes and/or business cards and/or written text
and/or take portraits and/or landscape views, using a
same lens, having a fixed focus, like, for example, that of
a cameraphone,

to design and/or choose a lens that gives the apparatus
increased specifications, notably 1n terms of aperture
and of depth of field,

to create image effects depending on the relative sharpness

between at least two colours and/or on the distance of
objects of the imaged scene,

to enable the user to digitally change the image focus of the

relative sharpness between at least two colours and/or of
the distance of objects of the imaged scene,

to reduce the time between the request for capture and the

actual 1mage capture, by eliminating or stmplifying the
optics system for focussing.

The ivention further concerns an embodiment for a cap-
turing apparatus, comprising an optical capturing system, a
sensor and/or a servo-control system, the 1image being pro-
cessed, 1n view of 1ts improvement, by digital image-process-
Ing means;

a method wherein the user determines or selects the optical
system and/or the sensor and/or the servo-control system
parameters, using the capacity to process images via digital
means, 1n order to minmimise embodiment costs and/or to
optimise the performances of the capturing apparatus.

In an embodiment, the method further comprises the step
of decomposing the digital image into regions, the said sharp
colour being selected for each region.

In an embodiment, the said sharp colour selection consists
of choosing the sharpest colour according to a pre-determined
rule.

In an embodiment, the said “sharp colour” selection 1s
pre-determined.

In an embodiment, the said digital image stems from a
capturing apparatus and the said sharp colour selection
depends upon the distance between the capturing apparatus
and at least one object of the captured scene 1n order to obtain
the said digital image.

In an embodiment, the said 1mage-capturing apparatus
comprises a macro mode, the said sharp colour selection
depending upon activation of the macro mode.

In an embodiment, the said digital image stems from a
capturing apparatus, the said method further comprising the
step for determiming the distance between the capturing appa-
ratus and at least one object of the captured scene using the
sharpness of at least two colours 1n an 1mage region of the said
object.

In an embodiment, the method further comprises the step to
reduce the sharpness of at least one colour within at least one
1mage region.

In an embodiment, the method further comprises the step
for determining a servo-control instruction for the said cap-
turing apparatus using the sharpness of at least two colours, 1n
order that focussing 1s achieved 1n fewer steps and 1s accel-
crated.

In an embodiment, the said digital image stemming from a
capturing apparatus comprising a lens, the said method fur-
ther comprises the step for selecting a lens from among a
series of pre-determined lenses, the said lens representing
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specifications such that the images of an object having at least
two pre-determined distances represent distinct sharp

colours, thus improving the depth of field and/or reducing the
cost of the lens.

6

The digital image 1s preferably the raw 1image from the
sensor prior to “demosaicing” (1.e. removing the matrix). The
digital 1image may also have been processed, for example
demosaicing or white balancing. According to the invention,

In an embodiment, the said digital image stemming froma 5 the digital image shall preterably not have undergone sub-

capturing apparatus comprising a lens, the said method fur-
ther comprises the step to design a lens by taking account of
the method according to the mvention, the said lens repre-
senting specifications such that the images of an object having
at least two pre-determined distances represent distinct sharp
colours;

in order that the depth of field and/or the aperture and/or

every other optical specification 1s improved and/or the
cost of the optics 1s reduced.

in order that the mechanical focussing can be achieved

using fewer positions.

In an embodiment, the repercussion of the sharpness of the
sharp colour on at least one other improved colour 1s embod-
ied by using a calculation of the type CA=CN+F(CO-CN),
where CA represents the improved colour, CO represents the
improved colour prior to processing, CN represents the sharp
colour and F represents a filter, namely a low-pass filter.

The mvention further concerns an embodiment for an
image-capturing and/or reproducing apparatus (20) compris-
ing an optical system (22, 22') for capturing and/or reproduc-
Ing 1images, an image sensor (24) and/or generator (24') and/
or a servo-control system (26), the image being processed, 1n
view ol 1its improvement, by digital image-processing means
(28, 28"),

the method being such that the user determines or selects

the optical system and/or the sensor and/or the 1image
generator and/or the servo-control system parameters,
using the capacity to process images via digital means,
and especially for improving the sharpness of a colour
depending on the sharpness of another colour 1n accor-
dance with a method complying with one of the previous
claims,

in order to minimise the embodiment costs and/or to opti-

mise the performances of the image-capturing and/or
reproducing apparatus.

The invention also concerns an i1mage-capturing and/or
reproducing apparatus using a colour-improvement method
according to one of the preceding embodiments and/or
obtained via an embodiment according to the previous
embodiment.

The mvention also concerns a digital image obtained
according to a method complying with one of the preceding
embodiments or using an apparatus complying with the pre-
vious embodiment.

Finally, the mvention also concerns a digital image-pro-
cessing device implementing a method according to one of
the preceding embodiments.

DEFINITIONS

Hereunder are noted the meanings of the various terms
employed:

By digital image 1s meant an image produced under digital
form. The 1image may stem from an image-capturing
apparatus.

The digital image may be represented by a series of digital
values, hereinafter referred to as “grey level”, each digital
value being linked to sensitivity in terms of colour and to a
relative geometrical position on a surface or within a volume.
Colour, within the meaning of the invention, 1s referred to as
a series ol digital values linked to such same sensitivity 1n
terms of colour.
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sampling.

If the digital image stems from an 1mage-capturing appa-
ratus, such image-capturing apparatus shall comprise a
sensor equipped with sensitive elements. By sensitive
clement 1s meant a sensor element enabling to convert a
flow of energy 1nto an electric signal. The tflow of energy
can notably take the form of a luminous flow, of X-rays,
of a magnetic field, of an electromagnetic field or of
sound waves. The sensitive elements may be, depending,
on the case, juxtaposed on a surface and/or superim-
posed within a volume. The sensitive elements may be
placed according to a rectangular matrix, a hexagonal
matrix or any other geometry.

The mvention 1s applied to sensors comprising sensitive
clements of at least two different types, each type having
sensitivity in terms of colour and each colour sensitivity
corresponding to the part of the energy tlow converted
into an electric signal by the sensor’s sensitive element.
In the case of a visible 1mage sensor, the sensors are
generally sensitive to 3 colours, the digital image also
having 3 colours: red 5.1, green 5.2 and blue 5.3, as
illustrated 1n FIG. 2, which shows the amount of con-
verted energy on the vertical axis 6.2 and the length of
the wave on the horizontal axis. Some sensors are sen-
sitive to 4 colours: red, green, emerald and blue.

By colour 1s also meant a combination, especially linear, of
signals emitted by the sensor.

The 1nvention 1s applied using the various known defini-
tions of every known sharpness. For example, the sharp-
ness of a colour may correspond to the measurement of
a value referred to as “BXU”’, which 1s a measurement of
the blur spot surface, such as described 1n the article
published 1n the “Proceedings of IEEE, International
Conference of Image Processing, Singapore 2004”, and
entitled “Uniqueness of Blur Measure” by Jerome
BUZZI and Frederic GUICHARD.

Simply-speaking, the blur of an optical system 1s measured
from the 1image, called “impulsive response”, from an 1nfi-
nitely small point located within the sharpness plane. The
BXU parameter 1s the variation of the impulsive response (1.¢.
its average surface). The processing capacity may be limited
to a maximum BXU value.

Diverse measuring methods for such sharpness are
described in such handbooks and publications as, for
example, the “Handbook of Image&Video processing”,
edited by Al Bovik and published by the Academic press,
pages 415 to 430.

A parameter refers to the quality of an image, such as
generally accepted. In an embodiment, the sharpness of a
colour 1s achieved by calculating a gradient. For example, the
sharpness of a colour may be obtained by calculating a gra-
dient of 9 levels of grey matter taken from neighbouring
geometrical positions within the colour considered.

The mvention refers to the sharpness of at least two
colours. According to an embodiment, the sharpness of at
least two colours 1s only considered 1n a relative manner, one
in relation to the other. For such embodiment, a gradient
enables to simply calculate a relative sharpness between two
colours, irrespective of the image contents.

The mvention refers to selecting, from among the colours,
at least one colour referred to as “sharp colour”. According to
an embodiment, such selection 1s possible by determining
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which colour out of at least two 1s the sharpest. For such
embodiment, a gradient enables to simply determine the
sharpest colour from among at least two colours.

In an implementation,

An 1mage-capturing apparatus 1s, for example, a dispos-
able camera, a digital camera, a retlex camera (digital or
not), a scanner, a fax machine, an endoscope, a cine-
camera, a camcorder, a surveillance camera, a game, a
cine-camera or photo apparatus integral with or linked to
a telephone, to a personal assistant or to a computer, a
thermic camera, an ultrasound apparatus, an MRI (Mag-
netic Resonance Imaging) apparatus, a X-ray radiogra-
phy apparatus.

It should be noted that the present invention refers to such
types of apparatus, 11 they process images comprising at least
two colours.

By optical system for image-capturing 1s meant the optical
means enabling to reproduce the 1mages on a sensor.
By image-capturing 1s meant the mechanical, chemaical or
clectronic means enabling to capture and/or record an

image.

By servo-control system 1s meant the means, whether of
the mechanical, chemical, electronic or information
technology type, enabling the elements or parameters of
the apparatus to comply with mstructions. It especially
refers to the automatic focussing system (autofocus), to
the automatic white-balance control, to the automatic
exposure control, to the control of the optical elements,
in order, for example, to maintain a uniform 1mage qual-
ity, to an 1mage-stabilising system, to an optical and/or
digital zoom factor control system, to a saturation con-
trol system, or to a contrast-control system.

The digital image-processing means may adopt diverse
forms depending on their application.

The digital image-processing means may be integrated,
partially or wholly, into the apparatus, such as in the
following examples:

An 1mage-capturing apparatus which produces altered
images, for example, a digital photo apparatus with 1nte-
gral 1mage-processing means.

An 1mage-reproducing apparatus which displays or prints
altered 1mages, for example, a video projector or a
printer comprising 1image-processing means.

A multi-function apparatus which corrects the defects of its
clements, for example, a scanner/printer/fax machine
comprising image-processing means.

A professional image-capturing apparatus which produces
altered 1mages, for example, an endoscope comprising
Image-processing means.

According to an embodiment:

the digital 1image-processing means include means for
improving the image quality by activating at least one of
the parameters of the group comprising: the geometric
distortions of the optical system, the chromatic aberra-
tions of the optical system, the compensation of the
parallax, the depth of the field, the vignetting of the
optical system and/or of the image sensor and/or gen-
erator, the lack of sharpness of the optical system and/or
of the 1image sensor and/or generator, the noise, the
moire phenomena, and/or the contrast,

and/or the given or selected parameters of the optical sys-
tem are chosen from within the group comprising: the
number the system’s optical elements, the type of the
materials comprising the optical elements of the optical
system, the cost of the materials for the optical system,
the processing of the optical surfaces, the assembly tol-
erances, the value of the parallax according to the focal
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length, the aperture specifications, the aperture mecha-
nisms, the range of possible focal lengths, the focussing
specifications, the focussing mechanmisms, the anti-alias-
ing filters, the overall dimensions, the depth of the field,
the specifications linking the focal length and the focus-
sing, the geometric distortions, the chromatic aberra-
tions, the off-cantering, the vignetting, the sharpness
specifications,

and/or the given or selected parameters of the image-cap-
turing and/or generating apparatus are chosen from
within the group comprising: the quality of the pixels,
the surface area of the pixels, the number of pixels, the
micro-lens matrix, the anti-aliasing filters, the geometry
of the pixels, the layout of the pixels.

and/or the given or selected parameters of the servo-control
system are chosen from within the group comprising:
the focussing measurement, the exposure measurement,
the white balance measurement, the focussing nstruc-
tions, the aperture instructions, the exposure instruc-
tions, the sensor-gain istructions, the flashlight instruc-
tions.

For the servo-control system enabling automatic focus-
sing, 1t 1s recalled that focussing may be performed 1n various
manners, particularly by controlling the position of mobile
clements of the optical system or by controlling the geometry
of the tlexible optical elements.

The performances of a capturing apparatus are notably its
cost, 1ts overall dimensions, the quantity of minimal
light that 1t may receive of emit, the 1image quality,
namely its sharpness, the technical specifications of the
optics, the sensor and the servo-control, as well as 1ts

depth of field.

Thereby, 1t should be noted that the depth of field can be
defined as the range of distances 1n which the object generates
a sharp i1mage, 1.e. where the sharpness exceeds a given
threshold for a colour, generally green, or even defined as the
distance between the nearest object plane and the farthest
object plane for which the blur spot does not exceed the
pre-determined dimensions.

As the colour green 1s predominant for defining the sharp-
ness of an 1mage, as subsequently explained, it 1s also com-
mon to use green to define the depth of field.

The invention also concerns an apparatus obtained through
the embodiment method, such as defined above.

According to other specifications of the invention, which
may be used separately from or combined with those
described above:

The 1invention concerns a method for activating a function
using a measurement performed on at least one digital image,
having at least two colours, originating from an 1mage-cap-
turing device, wherein:

the relative sharpness 1s measured between at least two

colours 1n at least one region R of the image, and

a Tunction 1s activated depending on the measured relative

sharpness.

By region 1s meant a part of or the whole of the image. A
region comprises one or several pixels, adjacent or not.

Hence, the action 1s notably adapted to the distance
between the imaged object and capturing apparatus, or 1s
adapted to the relative depth between two 1maged objects.

It 1s possible to measure the relative sharpness 1n various
manners, for example (though without such list being exhaus-
tive):

the sharpest colour can be determined, and/or

at least one colour, referred to as “sharp colour”, can be

selected from among the colours, and/or

sharpness between the colours can be compared, and/or
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a sharpness difference can be calculated, and/or

the relative sharpness can be directly calculated.

Various examples of relative sharpness measurements will
be explained hereatter, notably 1llustrated 1n FIGS. 3a, 35, 4,
5,6,7,8,9and 10.

The relative sharpness and/or the measurement of relative
sharpness 1n a region may be expressed by a single digital
value, for example, realising the average relative sharpness in
the region, or by way of several digital values realising the
relative sharpness in various parts of the region.

According to the invention, at least one function 1s acti-
vated, depending on the measured relative sharpness. Such
action 1s notably (though without such list being exhaustive):

direct or indirect processing (especially via the provision

ol processing or distance-data and/or position and/or
direction parameters) of the digital image and/or of
another digital image, and/or

a distance and/or direction and/or position and/or size and/

or ortentation and/or geometric form measurement of at
least one part of at least one object or subject of the
scene, and/or

data directly or indirectly linked to the geometry of the

imaged scene 1n three dimensions, and/or

an object detection, notably a face and/or the main subject

or subjects, and/or

object recognition and/or authentication, for example, a

face, and/or

a position and/or movement measurement of the apparatus,

and/or

a servo-control of the apparatus or of another device, such

as a robot, and/or

automatic framing of the main subject, and/or

one adjustment alteration of the apparatus, and/or

the production or the activation of a signal, and/or

an addition, an elimination or alteration of an object within

the digital image or another digital image, and/or

any other action directly or indirectly using the relative

sharpness measurement.

According to an embodiment, the action implements:

the digital image, and/or

another digital image, and/or

choice by the user of the apparatus, and/or

at least one specification of the capture apparatus during,

picture-taking, and/or

other data.

In the event where the action relates to direct or indirect
processing, the process may consist of one of the following
actions (though without such list being exhaustive):

digitally altering focussing, and/or

creating 1mage effects depending on the relative sharpness

between at least two colours and/or on the distance of
objects of the imaged scene, and/or

reducing the sharpness of at least one colour within at least

one region of an 1mage, and/or

increasing the sharpness of at least one colour within at

least one region of an 1mage, and/or

activating compression, and/or

embodying any other process described herein.

The use of the measured relative sharpness for activating
the function especially enables the function to be adapted to
the distance between at least one part of an imaged object and
the measuring apparatus, and/or to the geometry of at least
one part of an object, and/or to the position and/or the size of
at least one part of the object, and/or to the direction of at least
one part of the object.

The known methods do not enable activation of such type
of function as from a relative sharpness measurement of at
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least one 1mage region, but rather require the use of a particu-
lar device, 1 addition to the image-capturing apparatus, for
the purpose of estimating a distance. Furthermore, the known
methods only enable a distance measurement 1n one particu-
lar point or 1n a limited number of points, whereas the inven-
tion enables to measure the distance 1n a vast number of points
simultaneously.
According to an embodiment, the function activated is
included in the group comprising:
determination of the distance between the capturing appa-
ratus and at least one object imaged by the digital image,
and/or determination of the relative distance between
two 1maged objects,
an action depending on the said distance and/or the said
relative distance,
a process on at least one zone 7' of the digital image and/or
of another digital image,
a servo-control of the capturing apparatus and/or a servo-
control of another apparatus,
the provision of an indication and/or alarm and/or alert
signal to a user,
the detection of a part of the 1image,
an alteration of a colour sharpness,
a determination of the position and/or of the movement of
the capturing apparatus,
the determination of a subject’s position within the image,
an alteration of at least one 1mage specification,
an alteration of all or part of the 1mage,
the determination of a zone of interest inside the 1mage,
notably 1n order to provide a servo-control signal,
the alteration of the resolution for all or part of the image,

N -

the provision of data relating to the image,
the provision of data to a sound-capturing device,

the parametering of a compression,

an alteration of all or part of the 1image,

at least one adjustment of the capturing apparatus.

According to an embodiment, the function activated com-
prises a process on at least one zone 7' of the digital image
and/or of another digital image.

The zone 7' 1s a part or not of the digital image on which the
relative sharpness has been measured.

As a processing example performed on a digital image,
separate from that on which has been measured the relative
sharpness between at least two colours, can first be quoted the
taking of a video sequence wherein the next image, or another
image, can be processed, such process consisting of increas-
ing the sharpness (also given as an example).

Indeed, the sharpness of a next image can be increased,
since 1t 1s based upon the measurement of a preceding 1mage
which 1s hardly distinguishable from such next image. Hence,
it not necessary to save the current digital image 1n the
memory.

In another example: the sharpness measurement 1s, within
a digital photo apparatus, performed on the image displayed
prior to the actual taking of the picture; the image taken 1s
processed at a later stage at full resolution (while the mea-
surement taken on the image displayed prior to the actual
picture-taking 1s generally at a lower resolution) using the last
measurement or a combination of last measurements.

In an embodiment, the zone Z' constitutes all or part of the
digital image region (on which the relative sharpness mea-
surement has been taken), and/or the whole digital image,
and/or a separate zone from the digital image region, and/or
another digital image, and/or another whole digital image.

When the zone 7! constitutes all or part of the digital image
region, for example when the depth of field needs to be

increased, the zone 7' 1s apixel; a region of N pixels, on which
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1s measured the relative sharpness, 1s defined 1n accordance
with such relative sharpness, wherein a filter 1s applied for the
purpose of transporting the sharpness of the sharpest colour to
the other colour in order that the sharpness of the pixel 1s
increased. By repeating this operation for each pixel, the 5
depth of field 1s thus increased.

The zone Z' on which i1s performed the process may con-
stitute a full digital image, notably when the sharpness on the
tull image 1s increased.

As an example of a process on a distinct zone of the digital 10
image region, the case where the relative sharpness measure-
ment 1s performed on a region shall be quoted, whereby the
process 1s applied on a centred image part corresponding to a
digital zoom.

As an example of a process applied to a zone of another 15
digital image and/or to another full digital image, the above
example of a video sequence 1s recalled, the other digital
image being, for example, an image following a video image;
the other image 1s also, for example, the digital image taken at
tull resolution for a photo apparatus, whereas the 1mage on 20
which the measurement 1s taken 1s at low resolution.

In an embodiment, the zone 7', for which a process 1s
activated, includes at least one pixel of an 1image, while the
region includes a predetermined vicinity of the corresponding,
pixel 1n the digital image. The processed 1mage may be the 25
digital 1mage. The processed 1mage may also be another
image, for example an 1mage stemming from the same cap-
turing apparatus and captured after the digital image. In such
a case, the correspondence between the pixels of the two
images can be achieved by associating the pixels of the two 30
images situated in the same place. Such case has the advan-
tage of preventing digital-image storage between the mea-
surement and the processing without any troublesome arti-
fact, 11 the 1mages are captured within a short time frame, for
example Vis s. 35

In an embodiment, this treatment 1s applied to all the pixels
of an 1image. The processed 1mage may be the digital image.
The processed image may also be another image, for example
an 1mage stemming from the same capturing apparatus and
captured after the digital image. 40

In an embodiment, the process on at least the zone Z
includes the alteration of at least one 1mage specification
included within the group comprising: sharpness, contrast,
luminosity, detail, colour, the type of compression, the rate of
compression, the image contents, the resolution. 45

Example of Contrast Alteration:

The contrast of the close-up objects 1s increased and the
contrast of the background objects 1s reduced, for example 1n
the case of a video-conterence. Conversely, the contrast of the
close-up objects can be reduced and that of the background 50
objects can be increased 1n order to diminish the blurring
elfect.

Example of Luminosity Alteration:

The process may involve the brightening of close-up
objects and the darkening of the background, e.g. for a video- 55
conference. Conversely, for an 1mage taken using the flash-
light, the luminosity process shall consist of lightening up the
background and dimming the close-up objects in order to
compensate the tlashlight effect.

Example of Detail Alteration: 60

For a video-conierence, the detail of the background
objects can be reduced 1n order to allow a higher compression
for such background objects, while maintaining maximum
quality for the main subject.

Example of Colour Alteration: 65

Saturation in terms of the colours of the regions 1s reduced.,
1.¢. where the relative sharpness exceeds a threshold, in order
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to eliminate the excessive longitudinal chromatic aberrations,
sometimes called “purple fringing”.

Example of Compression-Type Alteration:

For a video-conierence, for example, a near object/distant
object segmentation 1s provided to a codec MPEG-4 1n order
to enable the distant object to be highly compressed for the
purpose ol maintaining maximum quality for the close-up
main subject.

Example of Compression-Rate Alteration:

As mentioned above 1n the case of a video-conference, the
compression rate can be higher for the background than for
the main subject.

Example of Contents Alteration:

The process consists of replacing a background by a land-
scape or a decor.

In an embodiment, the process includes a sharpness alter-
ation for each pixel of the zone 7', by way of a filter mixing the
values attached to the pixel within a predetermined vicinity of
cach pixel, the parameters of the filter depending upon the
measured relative sharpness.

In an embodiment the zone 7' 1s determined using the
measured relative sharpness.

For example, the Z' zone corresponds to the image parts
where the relative sharpness 1s comprised within a given
range corresponding to the parts of the image containming
objects located within a given range of distances, which
enables, for example, to separately process a foreground and
a background.

Within the meaning of the invention, the French “arriere-
plan” and “fond” have the same connotation of “background”
as 1n English where no difference 1s made.

In an embodiment, the zone Z' constitutes a background for
an 1mage, notably destined for remote transmission, espe-
cially through a system of visio or video-conferencing. The
processed 1mage may be the digital image. The processed
image may also be another image, for example an image
stemming from the same capturing apparatus and captured
after the digital image.

According to an embodiment, the process includes the
provision of data depending on the distance between the
imaged object and the capturing apparatus for all or part of the
pixels of the zone 7', and where a storage and/or a transmis-
sion and/or a use of such data 1s activated depending on the
distance, the stored data notably being saved in a data-pro-
cessing file, namely 1n an 1image {ile.

It 1s recalled that the zone Z' can constitute a point and/or a
region and/or several regions and/or a full image and/or a
main subject and/or a background.

The data depending on the distance can be a distance with,
for example, a precision indication or a range ol distance
values, like, for example, a distance less than one centimetre,
a distance comprised between 1 and 10 centimetres, then
between 10 centimetres and 1 metre, and finally beyond one
metre. The data depending on the distance can also be repre-
sented by a criterion of the “too close”, “close”™, “near”, “far”
or “macro” type. The data depending on the distance can also
be converted 1nto mformation on the type of objects or sub-
jects, such as “portrait” or “landscape”.

Hence, a map of the distances of the various parts of the
image may also be provided. It 1s also possible to provide the
position of the zone in relation to the capturing apparatus.

The data depending on the distance can also comprise
distance values for the various elements of the 1image, such as
the minimum distance, the maximum distance, the average
and the typical difference.

It 1s important to note that the invention enables to measure
several distances within a scene using a single image, whereas
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the prior art requires complex means, such as using several
cameras placed 1n several positions 1n order to achieve the
stereoscopy, or a travelling camera, or a laser range-finder, or
even an ultrasound sonar which does not enable to obtain a
visible 1mage.

In an embodiment, the function activated includes a servo-
controlling function for the capturing apparatus comprised
within the group constituted by: a servo-control for focussing,
a servo-control for exposure, a servo-control for tlash, a
servo-control for image-framing, a servo-control for white-
balancing, a servo-control for image-stabilising, a servo-con-
trol for another apparatus or device linked to the capturing
apparatus, such as the guiding of a robot.

Example of a Servo-Control Focussing Function:

The main subject or the zones of interest can be detected by
the distance measurements, as from sharpness, the main sub-
ject or the zone of 1nterest thus being the nearest zone.

A servo-control for focussing, embodied using measure-
ments taken directly from a single digital image, 1s particu-
larly advantageous 1n relation to the known focussing servo-
controls, or “autofocus”, for which 1t 1s necessary to take
measurements from successive 1images.

Moreover, a known focussing servo-control consists of
pressing a trigger element until half-way down, then of mov-
ing framing before pressing down completely, whereas with
the invention, focussing can be achieved 1n an entirely auto-
matic manner; the invention thus enables a gain of time and a
better image.

Example of a Servo-Control Exposure Function:

Similar to the focussing servo-control, the exposure adjust-
ment 1s achieved on the main subject, which 1s automatically
detected; hence exposure can be correct whatever the position
of the main subject within the 1mage frame. In other words,
similar to the focussing, the user has no need to aim at the
subject, then press half-way down before moving the fram-
ng.

Example of a Flashlight Servo-Control:

As the mvention enables to determine the main subject,
brightening function can be activated according to the main
subject, while with the state of the art, the strength of the
flashlight 1s adjusted 1n accordance with the focussing with-
out determination of the main subject, 1.e. the nearest subject
in particular. As indicated above, the subjects 1n the least light
can be processed digitally through brightening.

Example of Control of Another Device:

When a mobile robot has to move, the regions the nearest to
the mobile robot are determined, with a trajectory, free of all
hindrance, being determined as from the objects the nearest to
the mobile robot.

In an embodiment, the function activated includes a provi-
s1on of a signal, such as an indication signal of the main focal
point of the digital image and/or of a focussing zone, and/or
an alarm signal indicating an alteration of the digitally-moni-
tored and 1imaged scene and/or of the distance of at least one
part of the imaged scene, to the capture apparatus.

For example, in a digital photo apparatus, 1t 1s possible to
have a frame, notably 1n predetermined form, surrounding the
main subject for the purpose of informing the photographer
which main subject has been detected by the apparatus during
picture-taking. Such indication signal of the main subject can
notably be used prior to the actual picture-taking 1n order to
inform the photographer what will be the sharpest subject or
object.

Such signal may also be an indication that the closest object
or subject 1s too close-up in relation to the picture-taking
apparatus for it to be sharp. In such a case, the signal takes the
form, for example, of a clear message “Foreground too
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close”, or of an exaggeration of the foreground blur, or even of
a visible alteration of the foreground colour.

The signal indicating that the scene or the object of the
foreground 1s too close-up may take account of the final
destination of the image that i1s to be taken, notably of the
resolution selected for such destination. For example, a sub-
ject that would be blurred on a television-recetver or com-
puter screen may be sharp on a small-size screen of the type
found on a picture-taking apparatus. Likewise, a blurred sub-
ject for printing on 24 cmx30 cm paper 1s not necessarily so
for printing on 10 cmx 135 cm paper.

The blurred indication signal may also take account of the
subject. For example, the detection of a bar code 1s more
tolerant to blur than a natural 1mage.

Example of an alarm signal provided by a picture-taking
apparatus:

In a video-surveillance system monitoring an object, the
picture-taking apparatus 1s adjusted to cover two regions. The
first of these regions 1s the one where the object 1s found,
while the second region 1s the full range of the picture-taking
apparatus. IT an object within the picture-taking range comes
closer to the object to be monitored, an alarm 1s thus activated.

In an embodiment, the function activated depends upon at
least one specification of the capturing apparatus during pic-
ture-taking, namely, the focal length, the aperture, the focus-
sing distance, the exposure parameters, the white-balance
parameters, the resolution, the compression, or an adjustment
made by the user.

Indeed, the function activated depends upon the measured
relative sharpness and such relative sharpness between at
least two colours depends upon the adjustment of the picture-
taking apparatus, namely the focal length, the aperture and
the focussing distance.

In an embodiment, the digital image constitutes a raw
image stemming from the sensor of the capturing apparatus.

Such function makes the relative sharpness function easier,
since when using a raw i1mage, the measurement 1s not
alfected by such processes as the demosaicing, the sharpness
improvement filter, the change in the colour area or the shade
curve.

The raw 1mage stemming from the sensor may, however,
have been processed, for example soundproofing, digital
gain, compensation of the dark level.

The relative sharpness measurement and/or the function
activated may be performed within the capturing apparatus.

The relative sharpness measurement may be performed
beyond the capturing apparatus, for example on a computer
alter transfer of the digital image, and/or the user activates a
function beyond the capturing apparatus.

It 1s indeed possible to take a relative sharpness measure-
ment beyond the capture apparatus; likewise the function can
be activated beyond the capturing apparatus, such as already
mentioned. For example, a processing programme imple-
mented on a computer determines, using the sharpness mea-
surements, the focussing distance and/or the depth of field 1n
order to implement the processes depending on such distance
and/or the depth of field.

In an embodiment, the function comprises a detection and/
or recognition function for a part of the image, such as face
detection and/or recognition.

For example, it 1s known that a face represents a given size.
The method according to the ivention enables to determine
the distance between the objects or subjects and on the cap-
turing apparatus. Furthermore, using such distance data, for
the focal length and for the size of the object 1n the image, the
existence of the face can be deducted (which represents a size
comprised within a given range). The size criterion of the
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object can be completed by other criteria, like, for example,
the colours. Detection of an object, such as the detection of
faces, can be especially used, during teleconterences, to auto-
matically perform a high background compression. Such
method may also be used for the detection of a defect so as to
correct 1t, of red eyes, or for recognising faces (biometric
applications).

In an embodiment, the function activated comprises a posi-
tion and/or movement measurement of the capturing appara-
tus.

In an embodiment, one or several objects destined to
remain fixed in a scene of captured image shall be stored in the
memory, while movement or positioning shall be detected by
determining the variation of the relative sharpness over time.
Such arrangement can, for example, be used to embody a
computer interface of the visual “mouse” type in three dimen-
S1011S.

In an embodiment, the function activated comprises the
determination of the position of the main subject or subjects
in the 1image.

The determiming criterion of the main subject within a
digital image shall be the shortest distance 1n relation to the
capturing apparatus. Nevertheless, such criterion may be
combined with other factors. For example, objects on the
edge of the image that would be close to the capturing appa-
ratus, may be eliminated through an automatic process. As
previously described, 1t 1s also possible to take account of the
object’s size criterion, such size depending upon the focal
length and the distance between the capturing apparatus and
the object.

In an embodiment, the function activated further comprises
the automatic framing, namely the centering, or the reframing,
of the digital image and/or of another 1image on the main
subject of the digital image. The reframed 1mage may be the
digital 1mage. The reframed image may also be another
image, for example an 1image stemming from the same cap-
turing apparatus and captured after the digital image.

For example, 1t 1s possible to provide a “close-up” mode,
which automatically ensures a framing on a foreground
object. It 1s also possible to provide a “bust” mode which
automatically ensures the framing of a face according to the
said three-thirds’ rule, for example positioned within a third
of the image height and width.

In an embodiment, the function activated comprises the

application of a process which, on the one hand, depends
upon the relative sharpness and upon the user’s selection
criterion, on the other.

For example, the criterion selected 1s as follows: privilege
the parts of the image that are the nearest to the capturing
apparatus. Thereby, the function may consist ol increasing the
sharpness of such parts of the image and of reducing the
sharpness of the remainder of the 1mage 1n order to create a
depth of field lower than that actually achieved. Under such
conditions, 1t 1s possible to simulate the behavior of a lens
having variable focussing and aperture within an i1mage
achieved using a lens without any functions, whether focus-
sing or aperture, such as 1n a “cameraphone’.

In an embodiment, the function activated comprises alter-
ation of the contrast and/or of the brightness and/or of the
colour and/or of the image sharpness, depending on the varia-
tion of the relative sharpness within the image.

Hence, 1t 1s possible to simulate localised lighting, such as
that of a tlashlight; it 1s also possible to reduce the effect of a
tflashlight, for example, in order to reduce the backlighting or
the flat-tint effects.
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A scene 1s it up by one or several natural or artificial
sources, as well as possibly by one (or several) flashlight (or
lights) controlled by the apparatus.

It 1s known that an 1mage-capturing apparatus controls
exposure (exposure time, sensor gain and, where necessary,
aperture), controls white balance (gain for each colour within
the whole 1mage) and possibly controls the tlashlight (dura-
tion and strength of the flashlight), depending on the mea-
surements 1n a digital image of the scene (for example, analy-
s1s of the saturated zones, analysis of the histogram, analysis
of the average colour) and/or controls the measurements
taken with a supplementary device: infrared range-finder,
pre-tlash for the flashlight, etc., focussing servo-control
enabling to find the focus produced by the sharpest image by
comparing the sharpness of several images taken with vary-
ing focuses. Such controls modify the image contrast and/or
luminosity and/or colour, though do not use a relative sharp-
ness measurement between at least two colours on at least one
region R of the image.

Furthermore, such known processes as the shade curve and
the colour rendering modity the image contrast and/or lumi-
nosity and/or colour, though do not use a relative sharpness
measurement between at least two colours on at least one
region R of the image.

Such known methods are limited due to the lack of infor-
mation on the geometry of the scene. For example, it 1s
difficult to distinguish a naturally dark object from an object
poorly lit. As another example, a flashlight 1s not able to
correctly light up several subjects 1f such subjects are at
varying distances.

In an embodiment, the function activated comprises the
provision of the position of at least one zone of 1interest to be
considered to a servo-control of exposure and/or of white
balance and/or of focussing, such zone of interest being deter-
mined by comparing at least two relative sharpness measure-
ments.

For example, the exposure function may be performed on
the part nearest to the capturing apparatus, possibly in com-
bination with another criterion, such as elimination of the
near object or objects, on the edge of the image (field border).

The servo-control of the white balance may be performed,
for example, on a large-scale subject in the centre of the
image, possibly to the detriment of a background lit up dii-
ferently. As a vanant, the method consists of determining a
close-up part inthe image and a far-oil part, the white-balance
function taking separate measurements on these regions in
order to determine the existence or not of several lightings and
to perform distinct compensations for each one of these
regions.

I1 the focussing servo-control 1s given the position of the
interest zone, activation of focussing will be faster and the
main subject (zone of interest) will be able to be followed,
even when travelling.

In an embodiment, the function activated comprises pro-
vision of a signal, destined for the user, indicating that the
image 1s taken too close-up to be sharp.

In an embodiment, the function activated comprises an
image resolution alteration depending on the measured rela-
tive sharpness. The image may be the digital image. The
image may also be another image, for example an 1mage
stemming from the same capturing apparatus and captured
alter the digital image.

For example, resolution 1s reduced when the image 1s taken
at a distance too close-up from the capturing apparatus to
achieve a sharp image at full resolution, the final resolution
being selected 1n order to obtain a sharp 1image.
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In an embodiment, the function activated comprises the
provision of data, or a signal, used for an automatic indexing
of the digital image.

For example, 1f the image comprises subjects or objects at
a distance lower than a given limit and of a si1ze exceeding a
threshold, mndexing may then consist of providing a signal
indicating that 1t concerns a portrait or a group of persons. The
distinction between these two situations shall be made
according to whether the 1imaged scene comprises one or
several close-up objects or subjects. If the distance of the
objects or subjects exceeds a pre-determined limit, one may
then consider that the 1mage represents a landscape.

In an embodiment, the function activated comprises the
provision of remote or directional data, in relation to the
capturing apparatus, of a subject or an object within the
digital image to a sound-capturing device.

Thereby, in a camcorder or a cameraphone, 1t 1s possible to
determine the main subject or subjects, to determine the dis-
tances and/or the directions of these main subjects and to
focus the sound capture on the main subject or subjects, thus
climinating the background noise. The directivity function of
the sound capture can be performed using two microphones
and a de-phasing device between the signals of these micro-
phones.

A particular application of this latest arrangement is, 1n the
case of a video-conference, the use of a wide-angle 1mage-
capturing apparatus and an automatic monitoring of the sub-
ject 1n the process of speaking.

In an embodiment, the function activated includes the
parametering of increased compression for the background
and of a compression for the main subject or subjects, such
main subject or subjects being determined as constituting an
image zone complying with the criteria based upon the mea-
sured relative sharpness.

Thereby, 1n the case of a video-conference, for example,
the output can be minimised, while maintaining a satisfactory
visibility of the main subject. The latter 1s determined as
constituting the part of the image the nearest to the picture-
taking apparatus and determined differently, as described in
this application.

In an embodiment, the capturing apparatus comprises a
sensor having pixels equipped with coloured filters of at least
two types, such filters being selected so that their spectral
responses entail little overlapping.

Under such conditions, the sharpness between two colours
can be maximised, thus optimising the precision of the rela-
tive sharpness measurement.

In an embodiment, the capturing apparatus comprises a
sensor having pixels mainly serving to produce the image,
and other pixels mainly serving to measure the relative sharp-
ness.

In an embodiment, the pixels mainly serving to measure
the relative sharpness have a spectral response within a spec-
tral band, which entails little overlapping with the spectral
band of the pixels mainly serving to produce the image.

In an embodiment, the pixels mainly serving to produce the
image have a spectral response mainly within the field visible
to the human eye, and the other pixels have a spectral response
mainly beyond the field visible to the human eye.

The invention also concerns a sensor thus defined, separate
from a capturing apparatus and from the method according to
the 1nvention, as defined above.

The mmvention also concerns a capturing apparatus com-
prising such a sensor, such capturing apparatus also being,
able to be used separately from the method defined above.

The mvention also concerns, according to an arrangement
which may be used in combination with (or separately from)

10

15

20

25

30

35

40

45

50

55

60

65

18

the arrangements defined above, a digital 1mage-capturing
apparatus comprising a sensor representing, on the one hand,
pixels whose spectral response 1s mainly withun the field
visible to the human eye, and additional pixels having a
spectral response mainly beyond the spectre visible to the
human eye, on the other, such sensor being such that the part
of the image stemming from these additional pixels repre-
sents a sharpness, within at least one range of distances
between the capturing apparatus and the imaged scene, that
exceeds the sharpness of the part of the image stemming from
the pixels whose spectral response 1s mainly within the visible
field.

The additional pixels may be sensitive to the infrared and/
or ultraviolet rays. The pixels sensitive to ultraviolet rays may
serve to improve the sharpness for short distances, whereas
the pixels sensitive to infrared rays may serve to improve the
sharpness for greater distances. By infrared and/or ultraviolet
1s meant all parts of the spectre beyond or below the visible
spectre, notably the near infrared, such as 700 to 800 or 700 to
900 nm, or the near ultraviolet, near by 400 nm.

In an embodiment, the capturing apparatus i1s equipped
with a fixed lens, 1.e. lacking mechanical elements for focus-
s1ng.

Under these conditions, focussing can be digitally pro-
cessed.

In an embodiment, the capturing apparatus i1s equipped
with a lens with a variable focal length without a mobile or
flexible focussing element, the relative sharpness between at
least two colours on at least one region R of the image being
variable according to the focal length and/or the position of
the imaged object 1n relation to the apparatus.

Thereby, a device equipped with a simpler zoom 1s
obtained, enabling to reduce the size and the cost, and to
increase reliability.

The lens with a vanable focal length comprises, for
example, a single optical mobile or tlexible unit.

It 1s known that a zoom 1s embodied with at least two
mobile units, for example one or two for the focal length and
the other for the focussing. Generally-speaking, the focussing
and the focal length are separate from each other, 1.e. when the
focal length varies, 1t 1s not necessary to alter the focussing.
This eliminates the time necessary for focussing. There also
exist lenses with variable focal lengths, called varifocals, less
costly, 1n which the focussing must be altered when the focal
length varies. Finally, there exist atocal zooms 1n which two
mobile optical units, linked 1n a complex manner, are used for
the purpose of varying the focal length, with focussing being
embodied by a third unait.

In an embodiment, the digital image stems from at least
twO sensors.

For example, each sensor 1s dedicated to a given colour. It
1s possible, for example, to use a sensor of the tri-CCD type
with a common 1imaging lens on these sensors.

In an embodiment, the function activated comprises the
addition of an object inside an 1image and/or the replacement
of a part of an 1mage depending on the measured relative
sharpness on the digital image.

For example, the method enables to add a person next to the
main subject. As an example, 1t 1s also possible to add an
object at a given position within an 1mage; such object will
have the right size within the 1mage if one 1s to take account
of the distance from the 1maged scene up to such position.

It 1s also possible to alter the background or even to black
it out.
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It 1s also possible to extract a part of the 1image, such as the
main subject, and to msert 1t in another image, whether of the
natural or synthesis type, for example 1n the context of a
game.

It 1s also possible to add publicity data at a given point and
at a fixed distance from the scene, for example, behind the
main subject.

In an embodiment, the method comprises the capture of a
sequence ol 1mages, the digital image being a part of the
sequence and the function activated being on at least one other
image of the sequence.

Hence, as already described, the estimation of the relative
sharpness can be taken on 1mages of pre-visualisation prior to
picture-taking at a lower resolution, while the correction can
be made on an 1mage already memorized, for example by
using a selection of filters resulting from a measurement taken
from the 1mages of pre-visualisation.

In an embodiment, the function activated comprises the
alteration of one adjustment of the capturing apparatus,
namely the focal length, the aperture, the distance for focus-
s1ng.

Thereby, the picture-taking apparatus may comprise an
automatic adjustment programme, such as the aperture being
increased 1f the main subject 1s situated 1n front of a back-
ground, such background thus becoming blurred. The adjust-
ment programme may also automatically adapt the aperture
to the distance of the subjects of a group so that the depth of
field 1s adequate enough to make all the subjects in the group
sharp. It 1s also to be noted that 1n such a case, a function 1s
automatically achieved, whereas 1n the state of the art, 1t 1s
achieved manually.

In an embodiment, the function activated comprises the
production of an altered raw 1mage.

The digital image 1s preferably the raw 1mage from the
SENsor prior to “demosaicing”’ (1.e. removing the matrix). The
digital image may also have been processed for example,
undergoing a white balancing. The digital image shall pref-
erably not have undergone sub-sampling.

Hence, an optical system, sensor and image-processing,
means’ unit 1s obtained, thereby producing a raw 1mage rep-
resenting a better quality or with specific characteristics, for
example, an extension of the depth of field, while maintaining
similar characteristics to that of a raw 1mage directly stem-
ming from the sensor, and particularly a compatibility with
the known functional blocks or components performing the
function of converting a raw 1image into a visible 1image (“1m-
age pipe’” or “image signal processor’™).

As a varniant, the raw 1image undergoes demosaicing. In an
embodiment, the lens of the capturing apparatus represents
high longitudinal chromatic aberrations, for example, such as
for a given focussing, aperture and focal length, there exists at
least one colour for which the distance involving the best
sharpness 1s lower than

k being a coetlicient lower than 0.7, preferably lower than 0.5,
{ being the focal distance, O being the aperture and P having
the smallest (among all colours of the image) diameter of the
blur spot of an object point situated 1n infinity.

In an embodiment, the measurement of relative sharpness
between two colours 1s achieved by comparing the results of
a first measurement M applied to the first colour and the
results of a second measurement applied to a second colour,
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cach measurement M providing a value function for, on the
one hand, sharpness and colour, and for the contents of the
digital 1mage on the other, thus removing the comparison
from the digital image contents.

A DEFINITION AND EMBODIMENT EXAMPL.
FOR A RELATIVE SHARPNESS
MEASUREMEN'T

T

The comparison of sharpness 1s performed using a mea-
surement M on the pixels of the digital image.

The measurement M 1n a given pixel P, for a channel of a
given colour C corresponds to the gradient of the variation of
C within the P vicinity. It 1s obtained via the following calcu-
lation:

For a given colour C, V(P) 1s considered as a vicinity of
pixel P.

GM 1s noted as being the average of the amplitude of the
gradients within the viciity V(P), and SM as being the aver-
age of the amplitude of the differences between GM and the
gradients within the vicinity V(P).

A gradient 1s calculated through the amplitude of the dii-
ference 1n the values of two pixels of a same colour. The
gradients within the vicimty V(P) correspond to the gradients
implicating a pre-determined number of pixel couples within
the vicinity V(P).

The measurement M to the pixel P having a colour C can be
defined by the ratio between SM and GM. Thus, a value M (P,
C) 1s obtained.

Such measurement does not 1tsell enable to precisely and
completely characterise the sharpness of the colour C.

Indeed, 1t depends on the contents of the 1image (type of
imaged scene=texture, gradation, etc.) within the vicinity
V(P) of the pixel P. A frank transition in the imaged scene for
a same colour sharpness, will generate a higher measurement
M than a soft transition within the imaged scene. On natural
images, a transition will exist 1n the same manner 1n each
colour, thus affecting the measurement M 1n the same manner
among the colours. In other words, when a frank transition
appears on a colour C, the same type of transition appears on
the other colours.

Thereby, the comparison of the measurements M enables
to establish the relative sharpness between a colour C1 and a
colour C2.

The relative sharpness, between two colours C1 and C2,
measured 1 a pixel P can be defined, for example, as a
comparison between the two measurements M(P,C1) and
M(P,C2). Thus M(P,C1)>M(P,C2) implies that C1 1s sharper
than C2.

It 1s also possible, for example, to use one of the following
formulas:

M(P,C1)-M(P,C2),
M(P,C1)/M(P,C2),

Or any other function F(M(P,C1), M(P, C2) adapted to the
comparison between the two measurements.

The relative sharpness in a region R of the image can be
defined by using a measurement M on all the pixels P of the
region R.

The relative sharpness 1n a region R of the image can be the
wholerange or a sub-range of the relative sharpness measured
for pixels P of the region R. It may also be defined as a unique
value, such as the sum S of the measurements on all the pixels
P of the region R for each one of the colours.

Thereby, for two colours, C1 and C2, 1t 1s possible, for
example, to consider that S(C1)>S(C2) implies that C1 1s on
average sharper than C2 1n the region R.
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It 1s also possible to use any other function G(S(C1),S(C2))
enabling the comparison between these two measurements.

In an embodiment, when the function activated consists of
determining the position of the main subject within the 1image,
the function activated further comprises the automatic fram-
ing, namely the centering of the 1mage on the main subject.

The method may be implemented 1nside an image-captur-
Ing or processing apparatus or device. Such apparatuses or
devices are included within the group comprising: an elec-
tronic component, integral or not with a sensor, an electronic
sub-unit with integrated lens, a sensor and possibly an 1image-
processing module (“camera module™), or any other form as
defined above.

Other specifications and advantages of the mvention will
be shown 1n the description of some of 1ts embodiments, such
description being backed up by sketches appended hereto,
whereupon:

FIGS. 1a and 15, already described, are explanatory dia-
grams ol the longitudinal chromatic aberration of a converg-
ing lens,

FI1G. 2, already described, 1s the colour spectral diagram of
an 1mage,

FIGS. 3a and 3b are diagrams showing the improvement of
a colour’s sharpness using a same sharp colour 1n accordance
with the invention,

FI1G. 4 1s a diagram showing the improvement of a colour’s
sharpness using different sharp colours linked to distinct
regions ol an 1mage 1n accordance with the invention,

FIGS. 5, 6 and 7 are diagrams showing the improvement of
a colour’s sharpness using different sharp colours linked to
the whole part of an 1image 1n accordance with the mvention,

FIG. 8 1s a diagram showing the servo-control of an appa-
ratus according to a difference in the sharpness between the
sharp colour and the colour to be improved 1n accordance
with the invention,

FI1G. 9 1s a diagram showing the selection of a sharp colour
using a distance measured between an object and an appara-
tus capturing the 1mage of such object,

FI1G. 10 1s a diagram showing the reduction 1in the sharpness
ol at least one colour within at least one region of the image,

FIG. 11 1s a sketch of an apparatus obtained by the method
according to the mvention,

FIG. 12 1s a diagram showing the steps of the method
according to the mvention,

FI1G. 13 shows an adjustment mode in compliance with the
invention,

FIGS. 14a and 14b are a series of diagrams showing the
adjustments used 1n the context of the invention,

FIGS. 15, 154 and 155 1llustrate a property of an image-
capturing apparatus according to the mvention and of a con-
ventional apparatus,

FIGS. 16a to 164 are diagrams showing the properties of an
optical system of an apparatus according to the invention and
ol a standard apparatus,

FIGS. 17a and 17b are sketches showing a selection
example of an optical system for an apparatus in accordance
with the invention,

FIGS. 18.1 and 18.2 show the means for implementation of
the method according to the invention,

FIGS. 19.1, 19.2 and 19.3 show the steps of the method in
accordance with the mvention, according to several embodi-

ment variants, and
FIGS. 20.1 and 20.2 show other embodiments of the inven-

tion.

In accordance with the invention, the method described
below 1mproves the sharpness of at least one colour of a
digital image by selecting from among the 1image’s colours at
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least one colour referred to as “sharp colour” and by reflecting
the sharpness of the sharp colour onto at least one other
improved colour, as shown below using FIGS. 3q and 35.

More precisely, FIG. 3a shows the sharpness (Y-axis 7.2)
of two colours 13.1 and 13.2 depending on the distance of the
objects that they represent 1n the considered image 1n relation
to the apparatus having captured the image (axis 7.1 of the
abscissa).

As previously explained, the sharpness of these two
colours varies 1n a different manner depending on such dis-
tance, although basically 1n this example, the first colour 13.2
represents a better sharpness than that of the second colour
13.1 of this same 1mage.

Hence, according to the method complying with the inven-
tion, the sharpness of the first colour 13.2 1s reflected in order
to achieve the improvement 14 of the sharpness of the second
colour 13.1 which represents, after such improvement, an
increased sharpness 13.3.

In such example, CA, CO and CN are respectively values
representing the improved colour, the original colour (or
colour to be improved) and the sharp colour. In this example,
the sharp colour 1s the first colour. The original colour and the
improved colour correspond to the second colour prior and
subsequent to processing.

The sharpness 1s reflected onto the second colour by using,
a filter F, according to a formula of the type:

CA=CN+F(CO-CN)

Typically, the filter F will demonstrate the particularity of
removing the details from the image on which it 1s being
applied. In order to do so, a linear low-pass filter (or averager)
could be used. It 1s also possible to use one of the numerous
known non-linear filters having the particularity of removing,
the details, like, for example, a median filter.

At this stage, 1t 1s essential to recall that the human retina 1s
particularly sensitive, 1n relation to the details of an 1mage, to
the colour green; hence, the adjustment of optical systems
generally aims at achieving extreme sharpness for this colour
with regard to a certain focussing range (ci. for example,
pages 30 to 33 of the article, “Color Appearance Models™ by
Mark D. Fairchild edited by Addison Wesley).

Hence, according to an observation concerning the iven-
tion, an optical device producing 1mages whose sharpness 1s
not satisfactory to the human eye can represent a satisfactory
sharpness for one of its colours, such as the blue or the red, to
which the eye 1s less sensitive when considering detail.

Typically, for a long-range focussing lens (hyperfocal),
when considering an image representing a close-up object
and a far-oif object, the sharpness of the far-oil object gener-
ally appears enhanced with a green colour, while the sharp-
ness of the close-up object 1s improved when considering the
blue colour.

It thus appears important to be able to improve the regions
of an 1image according to different sharp colours depending on
the relative sharpness between two colours.

Thereby, 1n an embodiment of the mvention, the sharp
colour serving to improve the sharpness of a colour depend-
ing on the image’s region shall be selected, such method
being described below by way of FIG. 4 which 1llustrates an
image 10 comprising two regions 11.1 and 11.2.

In these two regions, two colours 8.2 and 8.3 can be found.
Nevertheless, the sharpness (Y-axis 7.2) of these colours 1s
such that 1n the region 11.1, the colour 8.2 1s the sharpest,
while 1n the region 11.2, the colour 8.3 1s the sharpest.
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Hencetorth, a colour 1n the region 11.2 1s improved by
considering the colour 8.3 as the sharp colour, while a colour
in the region 11.1 1s improved by considering the colour 8.2 as
the sharp colour.

Atthis stage, it should be noted that the regions of an 1mage
may or may not be pre-determined. For example, 1n the case
of a digital image made of pixels, a region may be a spatial
zone delimited by one or several pixels.

Furthermore, it 1s possible to select a sharp colour in order
to improve another colour by simply comparing the sharpness
of one colour 1n relation to the others, though at least one
other, regardless of any notion of distance, such as that rep-
resented by axis 7.1.

In this case, such an analysis 1s represented, for example, as
a table:

Zone

11.1 11.2

Sharpness 8.2 > 8.3 8.3 > 8.2

In this case, the colour 8.2 1s selected as the sharp colour in
the region 11.1, while the colour 8.3 1s the sharp colour in the
zone 11.2.

Irrespective of the use of regions 1 an 1mage, it can be
advantageous to consider various sharp colours in order to

improve a colour in an 1mage, as described below using FIGS.
5,6 and 7.

More precisely, the diagram 1n FI1G. 5 shows the sharpness
(Y-axis 7.2) of two colours 8.2 and 8.3 depending on the
distance (7.1) between at least one object of the captured
scene for obtaining the said image and the capturing appara-
tus.

It seems that on the range 9.1, the colour 8.3 represents
increased sharpness compared with that of the colour 8.2,

whereas for larger distances (range 9.2), the opposite situa-
tion arises.

In such a case, a method complying with the invention may
consider colour 8.3 as the sharp colour, serving to correct the
sharpness of a colour, within the range of distances 9.1,
whereas within the range 9.2, the colour 8.2 1s considered as
the sharp colour 1n order to 1improve a colour stemming from
an object of the captured scene for the purpose of obtaining
the image situated at a distance from the capturing apparatus.

Following such corrections, the sharpness of the colours on
the 1mage can be improved 1n the direction of a profile, such
as shown 1n diagram 6, namely the juxtaposition of the sharp-
est colours 1n the image.

It1s clear that, in a similar manner to the description in FIG.
4, 1t 1s possible to select a sharp colour 1n order to improve
another colour by simply comparing the sharpness of one
colour 1n relation to the others, though at least one other,
regardless of any notion of distance, such as that represented
by axis 7.1.

The sharpness curves represented 1n the figures already
described 3q, 356, 4, 5 and 6, and subsequently described 1n 7
to 10, can vary according to the geometric position of the
region considered of the image and/or of other image-captur-
ing parameters, such as the focal length, the aperture, focus-
sing, etc.

In order to determine the sharpest colour within the mean-
ing of the mvention, there 1s no need to be aware of the
parameters mdicated above.
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In the other cases, and notably for determining the distance
according to the imvention and/or for controlling the depth of
field, 1t 1s necessary to be aware of some of the parameters, as
well as of the sharpness curves, at least partially or approxi-
mately for some values of such parameters.

Furthermore, the choice of the sharp colour can also be
determined by the soitware activation of at least one 1mage-
capturing mode, such as a macro mode, as described hereun-
der. In such a context, the image may be considered as a sole
region.

It should be noted that in these FIGS. 5 and 6, a threshold
8.1 1s represented indicating the level of sharpness required,
and above which the image 1s considered as blurred.

In standard processing, shown in FIG. 7, such a threshold
8.1 defines the depth of field, 1.e. the range 9.2 of distances
between at least one object of the captured scene for obtaining
the said 1mage and the capturing apparatus, such that the
image of the object 1s sharp.

A consequence of the imnvention 1s thus to enable an exten-
sion of the depth of field of an optical system, as detailed
below by way of FIG. 9. In this figure, the depth of field of a
capturing apparatus, mitially limited by the sharpness of the
colour 8.2 and the sharpness threshold 8.1, 1s increased by
using a second colour 8.3 representing a satisfactory sharp-
ness (below threshold 8.1) on a new range of distances
between at least one object of the captured scene for obtaining,
the said image and the capturing apparatus.

Concretely, such an application 1s implemented 1n fixed-
focus photographic apparatus, such as cameraphones.
Indeed, the optical conception of these apparatus allows for a
sharpness range for long distances, up to several tens of
centimetres at the best, on the basis of a green colour, similar
to the colour 8.2 of FIG. 5.

Furthermore, the blue colour not focussing in the same
manner, it can represent sharpness at shorter distances where
the green colour may not, similarly to the colour 8.3.

Hencetorth, the invention enables to increase the sharpness
of a close-up 1mage ol a cameraphone by attributing the
sharpness of the blue colour to the green colour, and to the
other colours, consequently increasing the depth of field of
the apparatus.

In an embodiment of the invention, shown by way of FIG.
8, more especially adapted to a capturing apparatus equipped
with an autofocus function, the method determines a servo-
control instruction for the considered capturing apparatus
using the sharpness of at least two colours of the captured
image, 1 such a manner that focussing 1s achieved 1n fewer
steps and thus more rapidly.

For example, a distance 17.1, between at least an object of
the 1maged scene and the optical system 1 capturing the
image, may be determined using the various levels of sharp-
ness (Y-axis 7.2) of the colours 8.2 and 8.3 used in the region
11.3 relating to the image of the object.

Knowing such a distance between the object 4 and the
system 1, 1t 1s thus possible to determine a servo-control
instruction 3 for the capturing apparatus 6. Such FIG. 8 shall
be described below 1n more detail.

According to another embodiment of the invention, shown
by way of FIG. 10, the sharpness 1s reduced by at least one
colour 1n at least one region of the image.

Macro Application

We are now going to describe, by referring to FIGS. 5, 6
and 7, an embodiment and system according to the invention,
more especially adapted to the embodiment of a Macro func-
tion without requiring a specific mechanical device for a
known 1mage-capturing apparatus. A macro function 1s des-
tined to enable the image embodiment of objects close to the
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capturing apparatus within a pre-determined range of dis-
tances, called range of macro distances 9.1, on the apparatus.
Usually, a capturing apparatus enables to move all or part of
the lens 1in order to embody the macro function. The method
or object system of the invention enables to do away with such
movement.

According to the invention, the sharpest colour for the
range of macro distances 9.1 shall be pre-determined, for
example, through the measurement of the sharpness 8.2 and
8.3 of the colours of the digital images obtained by the cap-
turing apparatus for each colour, by embodying the digital
images using objects located at different distances from the
capturing apparatus. The sharpest colour (FIG. 5) 1s the one
corresponding to the measurement 8.3. Such pre-determina-
tion can be embodied definitively, for example, when design-
ing the apparatus (or a series of apparatus).

Thereafter, when using the apparatus, upon activation of
the Macro function, the sharpness of the sharp colour thus
determined shall be reflected onto the other colours, as
described above. When the Macro function 1s not activated,
the sharpness of the digital image can be calculated by a
standard method or by using the method according to the
invention, as applied to the range of distances 9.2.

Thereby, a macro function 1s achieved, compatible with a
fixed focussing lens without any mobile mechanism, thus not
altering the overall dimensions of the image-capturing appa-
ratus, nor adding hardware costs. The macro mode may thus
be activated via soitware within the apparatus or within any
other image-processing device. Such software activation may
be performed 1n a standard manner prior to image capture, but
also after such capture and on a local or remote device of the
capturing apparatus. According to a variant, activation of the
macro mode may be done automatically, for example by
determining the sharpest image between the image generated
in normal mode and the 1mage generated 1n macro mode.

The macro function embodied according to the invention 1s
also beneficial to an apparatus comprising variable param-
cters when capturing the digital image and having an influ-
ence on the sharpness of the colours, notably a capturing
apparatus with a zoom, and/or a lens with variable focussing
and/or a variable aperture. Thus, the sharpness curves 8.2 and
8.3 shall be used, corresponding to the value of the vanable
parameters according to the digital image.

The addition of the macro function enables to take shots of
bar codes, business cards or handwriting contaiming text and/
or sketches, by using an 1image-capturing apparatus, notably a
telephone or a photo apparatus.

Depth of Field Extension Application

We are now going to describe, by referring to FIGS. 4, 5, 6
and 7, an embodiment and system according to the invention,
more especially adapted to the extension of the depth of field
without requiring a specific mechanical device for a known
image-capturing apparatus. The depth of field corresponds to
the range of distances, between the objects of the scene and
the 1mage-capturing apparatus, enabling to obtain a sharp
digital 1mage. Usually, a capturing apparatus has a limited
depth of field and the lower 1t 15, the greater the lens aperture.

According to the invention and as represented in FI1G. 4, the
digital image 1s decomposed into regions 11.1 and 11.2, for
example, mto square regions corresponding to 9 sensitive
clements next to the sensor or, more generally, 1nto regions
corresponding to X by Y sensitive elements or into regions of
a pre-determined shape or calculated according to the digital
image. For each region shall be selected the sharpest colour,
tor example, like the colour corresponding to the lowest value
among the values obtained by calculating a gradient for each
colour using grey levels corresponding to the colour and the
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region considered. In FIG. 4, the colour corresponding to the
curve 8.3 1s sharper for the region 11.2, while the colour
corresponding to the curve 8.2 1s sharper for the region 11.1.

Thereby, for each region, the sharpness of the sharp colour
thus selected 1s reflected onto the other colours.

By referring to FIG. 3, the digital image of close objects—
having a distance 5 on the capturing apparatus within the
range of distances 9.1-—can be seen as being sharp for the
colour corresponding to the curve 8.3 ({or example the blue
colour), while 1t 1s less so for the colour corresponding to the
curve 8.2 (for example the green). It1s also possible to see that
the digital image of far-off objects—having distances on the
capturing apparatus comprised within the range of distances
9.2—1s sharp for the colour corresponding to the curve 8.2,
while 1t 1s less so for the colour corresponding to the curve 8.3.
The eye being much more sensitive to sharpness within the
green than within the blue, 1t will perceive a sharpness corre-
sponding to the curve 8.5 of FIG. 7. If 8.1 corresponds to the
threshold of sharpness for the eye, the image will only be
sharp for the objects located at a distance from the capturing,
apparatus comprised within the range 9.2. FIG. 6 represents,
via the curve 8.4, the sharpness obtained 1n each colour after
employing the method according to the ivention: the blue
has enabled to obtain a better sharpness than the threshold 8.1
for the near objects, located 1n the range of distances 9.1,
whereas the green has enabled to obtain a better sharpness
than the threshold 8.1 for the distant objects, located 1n the
range ol distances 9.2. Hence, a sharp digital image 1s
achieved for all the colours within a large range of depth of
field.

This 1s an example consisting of selecting the sharpest
colour according to a pre-determined rule, namely choosing
the sharpest colour 1n each region.

Thereby, the depth of field 1s increased without increasing,
the cost, the complexity or the overall dimensions of the
optics and/or with no need to change the exposure, thus to
reduce the aperture, to increase the noise level or to increase
the movement blur.

The increase 1n the depth of field embodied according to
the invention 1s notably beneficial to the fixed lenses, namely
to telephones. The increase in the depth of field enables to
take not only shots of bar codes, business cards or handwrit-
ing containing text and/or sketches, but also of portraits or
landscapes, by using an image-capturing apparatus, notably a
telephone or a photo apparatus. This 1s possible without using
the costly autofocus or macro functions. Furthermore, this
function, compared with a mechanical macro function, 1s
achieved entirely automatically without intervention by the
user.

The increase 1n the depth of field embodied according to
the mvention 1s also beneficial to an apparatus comprising
variable parameters when capturing the digital image and
having an influence on the sharpness of the colours, notably a
capturing apparatus with a zoom, and/or a lens with variable
focussing and/or a variable aperture. Thus, the sharpness
curves 8.2 and 8.3 shall be used, corresponding to the value of
the variable parameters according to the digital image.

The method and function according to the invention thus
enables to select or design, as subsequently described by way
of FIGS. 11 to 175, at the time of the capturing apparatus
being designed, a lens with a more limited number of focus-
sing positions, which has the advantage of reducing the lens-
design constraints and thus of reducing the costs thereon. This
also has the advantage of allowing faster and less-costly
focussing by reducing the precision required for the servo-
control mechanism.
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For example, 1n order to obtain a large depth-ot-field lens,
it 1s possible to choose or design a lens having the specifica-
tion of being equipped with the broadest union of sharp-
distance ranges for each one of the colours.

For example, 1n order to obtain a large aperture lens, 1t 1s
possible to choose or design a lens having the specification of
being equipped with a single sharp colour within each one of
the ranges of distances, and such that the union of sharp-
distance ranges for each one of the colours corresponds to the

depth of field desired.

In another example, 1t 1s also possible to optimise both the
aperture of the apparatus and the 1image’s depth of field.

A method and a function are also achieved enabling to
reduce the longitudinal chromatic aberrations of a digital
1mage.

A method and function 1s also obtained enabling to
increase the sharpness of an image without knowing which
capturing apparatus was used to produce it.

Application on the Distance Measurement for Objects of a
Scene Using a Single Image

We are now going to describe, by referring to FIG. 8, an
embodiment and system according to the invention, more
especially adapted to measuring the distance of the objects of
a scene using a single image without requiring a range-find-
ing hardware measuring device. The method thus enables to
obtain an estimation of the distance of the objects present 1n
cach region of the digital image.

Usually, a capturing apparatus uses a hardware device for
measuring the distance of the objects of a scene based on a
laser, an inirared or a pre-flash mechanism, amongst others.

According to the invention and as represented in FI1G. 8, the
digital image 1s decomposed into regions 11.3, for example,
into square regions corresponding to 9 sensitive elements
next to the sensor or, more generally, into regions correspond-
ing to X by Y sensitive elements or mto regions ol a pre-
determined shape or calculated according to the digital
image. Thereby, for each region 11.3, the sharpness of at least
two colours 1s measured; such measured values or measured
relative values 16.1 and 16.2 are reported onto the corre-
sponding sharpness curves 8.2 and 8.3 of the capturing appa-
ratus. Hence, a distance 17.2 1s obtained, corresponding to an
estimation of the distance 17.1 between the part of the object
4, represented 1n the region 11.3, and the capturing apparatus.

The distance measurement embodied according to the
invention 1s notably beneficial to the fixed lenses, namely to
telephones.

The distance measurement embodied according to the
invention 1s also beneficial to an apparatus comprising vari-
able parameters when capturing the digital image and having
an influence on the sharpness of the colours, notably a cap-
turing apparatus with a zoom, and/or a lens with variable
focussing and/or a variable aperture. Thus, the sharpness
curves 8.2 and 8.3 shall be used, corresponding to the value of
the variable parameters according to the digital image.

The method thus enables to obtain an estimation of the
distance of the objects present 1n each region of the digital
image. This enables:

to build a real-time and low-cost range-finder device by

way of a sensor and of a standard lens which produces an
image and the remote data correlated to the image; usu-
ally, several shots are necessary or a specific hardware
device 1s required and the association image/remote data
1s complex;

for example, the distance 1s displayed 1n real-time on the

image,

for example, the remote data enables to guide a robot,
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to accelerate the focussing of capturing apparatuses with
variable focussing or focal lengths: it 1s indeed possible
to determine, using a single 1mage, the servo-control
instructions to be applied 1n order to obtain the desired
focussing, for example on the central subject or 1n a
focussing zone selected by the user,

to take account of the distance of the various objects of a

scene 1n order to adjust the strength of a flashlight and
notably of the main subject or of the subject in the
focussing zone,

to take account of the distance of the various objects of a

scene for the auto-exposure function of the capturing
apparatus, 1n order, for example, to enhance the main
subject or the subject 1n the focussing zone selected by
the user for a portratt,

to automatically define the main subject without having to

ask the user to define 1t.

Application on the Depth of Field Control, Irrespective of
the Exposure,

We are now going to describe, by referring to FIGS. 4, 5, 6
and 7, an embodiment and system according to the invention,
more especially adapted to the control of the depth of field
without requiring a specific mechanical device for a known
image-capturing apparatus. The method thus enables to
obtain a sharp image for objects situated away from the cap-
turing apparatus, corresponding to a range of sharpness and a
blurred image for the other objects. Usually, a capturing appa-
ratus has a limited depth of field and the lower 1t 1s, the greater
the lens aperture; hence, the depth of field and the exposure
are linked 1n such a manner that a choice has to be made when
in low lighting between depth of field, noise and movement
blur. According to the embodiment, 1t 1s possible to separately
control exposure and depth of field.

According to the invention and as represented in FI1G. 4, the
digital image 1s decomposed 1nto regions 11.1 and 11.2, for
example, mto square regions corresponding to 9 sensitive
clements next to the sensor or, more generally, 1nto regions
corresponding to X by Y sensitive elements or into regions of
a pre-determined shape or calculated according to the digital
image. For each region shall be selected the sharpest colour,
for example, like the colour corresponding to the lowest value
among the values obtained by calculating a gradient for each
colour using grey levels corresponding to the colour and the
region considered. In FIG. 4, the colour corresponding to the
curve 8.2 1s sharper for the region 11.2, while the colour
corresponding to the curve 8.3 1s sharper for the region 11.1.

Thereby, for each region, the sharpness of the sharp colour
thus selected 1s retlected onto the other colours, as previously
described. As seen above, a sharp digital image i1s thus
obtained for all the colours 1n a large range of depth of field.

In order to determine the distance between the capturing
apparatus and the objects of the captured scene 1n the region
of the digital image, shall be used:

either, as previously described, the sharpness of at least two

colours for each region, or

another more precise distance-measuring method or

device.

Thereby, 1t 1s possible to reduce the sharpness, for example,
using a Gaussian {ilter, or using a filter simulating a bokeh, in
the regions and/or in the parts of the field containing the
objects located at distances beyond the range of desired
sharpness. For example, for a portrait, a blurred background
can be obtained, thus enhancing the face without requiring a
wide-aperture lens. For example, for a landscape, a vast depth
of field can be obtained, except possibly for1solated objects 1in
the corners, which may hinder comprehension of the image.
For example, for a scene comprising close-up objects in the
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corner as a result of poor framing, such close-up objects can
be blurred. For example, the choice of the depth of field can be
lett to the discretion of the user, either within the apparatus or
on a computer during post-processing.

Thereby, the depth of field 1s controlled without needing to
change exposure, thus without altering the aperture, nor
increasing the noise level or increasing the movement blur.

The control of the depth of field embodied according to the
invention 1s notably beneficial to the fixed lenses, namely to
telephones. The control of the depth of field enables to take
not only shots of bar codes, business cards or handwriting,
containing text and/or sketches, but also of portraits or land-
scapes, by using an image-capturing apparatus, notably a
telephone or a photo apparatus. This 1s possible without using,
the costly wide-aperture lens device. Furthermore, this func-
tion can be achieved entirely automatically without interven-
tion by the user.

The control of the depth of field embodied according to the
invention 1s notably beneficial to an apparatus comprising a
mobile lens, notably a zoom. A well-informed connoisseur
can thus directly or indirectly take control, irrespective of the
depth of field and the exposure.

FI1G. 11 1s a sketch illustrating the architecture of an image-
capturing or reproducing apparatus.

Such an apparatus, for example, for capturing images,
comprises, on the one hand, an optical system 122, notably
with one or several optical elements, such as lenses, destined
to form an 1mage on a sensor 124.

Although the examples mainly concern a sensor 124 of the
clectronic type, such sensor may be of another type, for
example, a photographic film in the case of an apparatus
known as “argentic”.

Such an apparatus also comprises a servo-control system
126 acting on the optical system 122 and/or on the sensor 124
in order to perform focussing so that the image plane is
captured on the sensor 124, and/or so that the quantity of light
received on the sensor 1s optimal due to adjustment of the
exposure and/or aperture time, and/or so that the colours
obtained are correct, by performing a white-balance servo-
control.

Finally, the apparatus comprises digital image-processing,
means 128.

As a vanant, such digital 1image-processing means are
separate from the apparatus 120. It 1s also possible to plan a
part of the image-processing means within the apparatus 120
and a part outside the apparatus 120.

The digital processing of the image i1s performed after
image-recording by the sensor 124.

An 1mage-reproducing apparatus represents a similar
structure to an 1mage-capturing apparatus. Instead of sensor
124, an 1mage-generator 124' 1s provided, thus recerving the
images from digital image-processing means 128' and pro-
viding the images to an optical system 122', such as an optical
projection system.

In the next part, when mentioning clarity of exposure, only
image-capturing apparatus are being referred to.

According to one of 1ts aspects, which may be used sepa-
rately from the aspects previously described, the invention,
using the capacity of the means 128, 128, consists of digital
image-processing for determining or selecting the parameters
of the optical system 122, 122' and/or of the 1mage sensor or
generator 124, 124' and/or of the servo-control system 126.

In diagram 1n FIG. 12 are represented the level of perfor-
mances that can be attained with each one of the components
ol the apparatus when they are associated with digital image-
processing means. Such levels are illustrated by the discon-
tinued line 130 for the optical system, the discontinued line
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132 for the sensor, the discontinued line 134 for the servo-
control, and the discontinued line 136 for the apparatus.

Using such levels of performance that can be obtained with
digital 1mage-processing means, it 1s possible to select the
performance levels for each one of the components of the
apparatus which are, prior to processing, considerably lower
than the levels of performance obtained after application of
the processing means. Thereby, the levels of performance of
the optical system can be set at level 130", and the levels of
performance of the sensor and of the servo-control system can
be set respectively at levels 132" and 134"

Under these conditions, failing digital processing, the level
of the performances of the apparatus would be at the lowest
level, for example level 136' corresponding to the lowest level
130’ for the optical system.

The digital image-processing means are preferably those
described in the following documents:

Patent application EP 02751241.77, entitled: “Method and
system for producing formatted data related to defects of
appliances in a series of appliances and formatted data
destined for image-processing means’ .

Patent application EP 02743349.9 for: “Method and sys-
tem for modifying the qualities of at least one 1mage
originating from or destined to a series of appliances”.

Patent application EP 02747504.5 for: “Method and sys-
tem for reducing the frequency of updates for image-
processing means’.

Patent application EP 02748934.3 for: “Method and sys-
tem for correcting chromatic aberrations of a colour
image produced by an optical system”.

Patent application EP 02743348.1 for: “Method and sys-
tem for producing formatted data related to geometric
distortions™.

Patent application EP 02748933.5 for: “Method and sys-
tem for providing, according to a standard format, for-
matted data to 1image-processing means”.

Patent application EP 0274°7503.77 for: “Method and sys-
tem for calculating an 1mage transformed using a digital
image and formatted data relating to a geometric trans-
formation”

Patent application EP 02747506.0 for: “Method and sys-
tem for producing formatted data related to defects of at
least one apparatus 1n a series, notably to blur”.

Patent application EP 02745485.9 for: “Method and sys-
tem for modilying a digital image taking into account its
noise’.

Patent application PCT/FR 2004/050455 for: “Method and
system for differentially and regularly moditying a digi-
tal image by pixel”.

Such digital image-processing means enable to improve
the image quality by activating at least one of the following
parameters:

The geometric distortions of the optical system. It 1s
recalled that an optical system can distort the 1images
such that a rectangle can be deformed into a cushion,
with a convex shape for each one of 1ts sides, or into a
cylinder with a concave shape for each one of 1ts sides.

The chromatic aberrations of the optical system: if a tar-
geted point1s represented by three coloured spots having
precise positions one 1n relation to the other, the chro-
matic aberration 1s translated by a variation 1n the posi-
tion of such spots one in relation to the other, the aber-
rations generally being that much more significant the
more one moves away irom the centre of the image.

The parallax: when implementing an adjustment by defor-
mation or movement of an optical element of the optical
system, the image obtained on the 1image plane can be
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moved. The adjustment 1s, for example, an adjustment of
the focal length or a focussing adjustment.

Such detect 1s illustrated by FIG. 13 1n which an optical
system 140 1s represented with three lenses in which the
centre of the image occupies the position 142 when the lens
144 occupies the position represented by a continual line.
When the lens 144 moves into the position 144, represented
by discontinued lines, the centre of the image adopts the
position 142"

Depth of the field: when the optical system 1s focussed on

a determined object plane, not only the images of this
plane remain sharp, but also those of the objects close to
such plane. “Depth of field” refers to the distance
between the nearest object plane and the farthest object
plane for which the 1images remain sharp.

Vignetting: the luminosity of the image 1s generally maxi-
mal at the centre, progressively lowering as one moves
away from the centre. Vignetting 1s measured, 1n per-
centage, by the difference between the luminosity 1n a
particular point and the maximal luminosity.

The lack of sharpness of the optical system and/or the
image sensor and/or generator 1s measured, for example,
by the BXU parameter, such as 1s defined above.

The noise of the image 1s generally defined by 1ts difference
type, its shape and the size of the noise spot and 1its
colouring.

The moire phenomenon 1s a deformation of the image
which occurs 1n the event of spatial high frequencies.
The moire i1s corrected by the parametering of anti-
aliasing filters.

The contrast 1s the ratio between the highest and the lowest
luminosity values of the image for which the details of
the 1mage still remain visible.

As represented 1 FIGS. 14a and 145, it 1s possible to
improve the contrast (FIG. 14a) of an image, 1.e. to extend
(FI1G. 145b) the range of luminosities on which detail can be
distinguished. Such extension 1s performed by notably using
a contrast and noise correction algorithm.

Referring to FIG. 15, we are now going to describe an
embodiment enabling to harmonize the sharpness within the
image field.

First, 1t 1s recalled that the image surface of an object plane
does not constitute a perfect plane, but represents a curve,
known as the field curve. Such curve varies depending on
diverse parameters, including the focal length and focussing.
Thereby, the position of the image plane 150 depends upon
the zone on which focussing 1s performed. In the example
shown 1n FIG. 15, the plane 150 corresponds to focussing at
the centre 152 of the image. In order to focus on a zone 154
near the edge of the image, the 1image plane 156 1s located
nearer to the optical system 122 than the image plane 150.

In order to simplily the focussing servo-control system, the
image plane 1s placed 1n a position 158, mid-way between the
positions 154 (corresponding to focussing on a zone near the
edge of the image) and 150 (corresponding to focussing on a
zone at the centre of the image). The uniting of the digital
image-processing means 128 with the focussing servo-con-
trol 126 enables to limit the movement of the plane 158 for
focussing, thus reducing the energy consumption of the
servo-control system and enabling to reduce the volume of 1ts
components.

The diagram in FIG. 15a represents the blur properties with
a standard servo-control focussing system wherein the maxi-
mum sharpness i1s obtamned at the centre of the image.
Thereby, on such diagram in FI1G. 13a, the abscissa represents
the field of the image and the ordinates represent the blur
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value expressed in BXU. Using such standard servo-control
system, the blur measurement 1s, at the centre, by 1.3 and, at
the edge of the image, by 6.6.

FIG. 1556 1s a similar diagram to that of FIG. 154, showing
the properties of a servo-control for an apparatus embodied
according to the invention, on the assumption that the digital
image-processing means enable to correct the blur up to a
BXU value equal to 14. The curve represented 1n this diagram
in FIG. 155 thus represents, at the centre of the image, a BXU
value=2.6, with the BXU value lowering as one moves away
from the centre, before increasing once again up to a value of
4 near the edge of the image. It1s recalled that such value is the
limit for enabling correction of the blur by digital processing
means. Thereby, a sharp image can be obtained across the
entire 1mage field, whereas this 1s not so using an apparatus
equipped with a standard system.

In an embodiment, the digital 1mage-processing means
comprise means for improving the sharpness, such that they
enable to refrain from using a focussing servo-control.

As a comparable example, the diagrams 1n FIGS. 164, 165,
16¢ and 164 show the specifications of an apparatus obtained
according to the state of the art and those of an apparatus
obtained using the method according to the mnvention.

The standard device 1s a digital photographic apparatus
integral with a mobile telephone having a VGA sensor, 1.€. a
resolution of 640x480, without a focussing system.

The standard apparatus has an aperture of 2.8, whereas the
apparatus obtained using the method according to the mven-
tion has an aperture of 1.4.

FIG. 16a, which corresponds to the standard apparatus, 1s
a diagram on which the abscissa represents the percentage of
the 1mage field, 1ts origin corresponding to the centre of the
image. The ordinate represents the vignetting V.

FIG. 165 1s a similar diagram for an apparatus obtained
according to the invention.

In the schema of FIG. 16a (standard apparatus), the
vignetting attains the value of 0.7 at the edge of the image,
whereas 1n the diagram 1n FIG. 165 can be seen the optical
system of the apparatus according to the invention, represent-
ing a vignetting considerably more significant, 1.e. approxi-
mately 0.3. The correction limit for the algorithmused 1s 0.25.
In other words, due to the correcting algorithm, 1t 1s possible
to employ considerably more significant vignetting optics.

FIG. 16¢ 1s a diagram representing the blur ordinates,
expressed 1n BXU, 1n accordance with the image field (rep-
resented 1n abscissa) for a standard apparatus. Using such
standard apparatus, the blur specification 1s 1.5 at the centre
and 4 at the edge of the image.

The diagram 1n FIG. 164 also represents the blur for the
optics of the apparatus, obtained using the method according
to the invention. In the diagram in FI1G. 164, the field of image
1s also represented in abscissa and the blur 1s represented 1n
ordinates expressed in BXU. Such diagram in FI1G. 164 shows
that the blur at the centre of the 1mage 1s approximately 2.2. It
1s, therefore, higher than the blur of the diagram 1n FIG. 16¢.
However, on the edges, a blur has been chosen 1n the region of
3, taking account of the correction algorithm limiat.

In other words, surprisingly, a gradation lens was chosen
with regard to the sharpness at the centre, even though 1t 1s
possible to obtain the same results as when using the standard
apparatus with, 1n addition, a greater aperture. It 1s also to be
noted that on the edges, the optics of the apparatus according
to the mvention represent a similar quality to that of the
standard optics, such result being possible due to the vignett-
ing gradation 1n relation to a standard lens.

The diagrams 1n FIGS. 17a and 175 represent the specifi-
cations of the various optical systems from among which the
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selection has to be made in order to embody a capturing
apparatus by using the method according to the invention.

In the example represented 1n FI1G. 174, the optical system
provides an 1mage spot 1100 with small dimensions. Such
system shows a modulation transier function (MTF) repre-
sented by a diagram where the spatial frequencies are 1n
abscissa. The value of the shut-oil frequency 1s ic. The M TF
function comprises a step 1110 within the vicinity of the nil
frequencies and a part rapidly decreasing towards the 1c
value.

The optics represented by the schema in FIG. 175 show an
image spot 1114 having considerably larger dimensions than
the 1image spot 1100, with 1ts MTF showing the same {c
shut-oil frequency as 1n the case of FIG. 17a. However, the
variation of this MTF depending on the spatial frequency 1s
different: such frequency reduces in a relatively even manner
from 1ts origin down towards the shut-of frequency.

The choice of an optical system 1s based on the fact that the
correction algorithm of the modulation transfer function 1s
effective as from a value of 0.3. Under such conditions, we
note that with the optics 1n FIG. 175, a correction 1s obtained
enabling to increase the MTF up to a value ot 1,,, for example,

approximately 0.8 {c, whereas with the optics 1n FIG. 174, the
correction 1s only possible up to a frequency 1, 1n the range of
0.5 1c.

In other words, with a correction algorithm, the optics
represented 1 FIG. 175 provide more detail than the optics
represented 1n FIG. 17a, and this despite the fact that the
image spot 1s of greater dimensions than in the case of FIG.
17a. Hence, we will choose the optic corresponding to FIG.
175b.

Application on the Increase of the Depth of Field

We are now going to describe an embodiment variant of the
method for which the sensor and/or the optics system are
more specifically adapted to the increase 1n the depth of field.

The CMOS or CCD standard sensors are olten sensors
formed using a mosaic of pixels, referred to as “Bayer”. The
Bayer mosaic consists of a succession of 2x2 pixels, formed
by 2 green pixels (1.e. a photosite sensitive to the light within
a spectral range around 550 nm), by a red pixel (spectral range
around 600 nm) and by a blue pixel (spectral range around
450 nm). The spectral ranges are shown in FIG. 2.

Depending on the sensors, the spectral bands of the green
colour, of the red colour and of the blue colour differ, showing
an overlapping more or less significant. Sigmificant overlap-
ping among these three bands has the effect of reducing the
sensitivity of the sensor to colours (it becomes “colour
blind™”), but 1ncreases 1ts overall sensitivity to the light and
conversely.

Significant overlapping among these three bands also
reduces the sharpness differences between the colours, thus
notably reducing the range of distances for which at least one
of the three colours 1s sharp.

Hence, advantageously, according to the invention, it 1s
possible to adapt the spectral bands, for example, by reducing
their overlapping so as to increase the range of distances for
which at least one of the three colours 1s sharp.

Such adaptation could also be conducted 1n conjunction
with the design of the optics and, depending on the constraints
welghing on the digital processing of the image.

Description of a Sensor Optimising the Method According,
to the Invention

In an embodiment variant of the method, the sensor and/or
the optics system are more specifically adapted to applica-
tions enabling to provide precise distance indications for the
imaged objects.
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In this embodiment variant, we shall use a Bayer pixel
mosaic.

It 1s common that the sensors represent a significant num-
ber of pixels providing aberrant digital values. These pixels
are commonly called “burned pixels,” (or “pixels morts™ 1.e.
“dead pixels” in French). Thereby, image-generating digital
processing contains a filtering step for these aberrant values in
order to erase, from the generated image, the aberrant values
of these pixels to make them invisible.

The precision of the distance measurements according to
the method notably depend upon the variation of the relative
sharpness depending on the distance. Such variation depends
upon the amount of chromatic aberration that may be
obtained with the capturing system (sensor and optics). Hav-
ing said that, the spectral frequency range for the visible light,
hence the light available for photography, i1s relatively
restricted: approximately 400 nm to 700 nm. Thereby, the
relative sharpness variation depending on the distance thus
becomes limited when using a standard Bayer sensor.

Several possible ways exist in which to alter a sensor
beyond such limitation. A simple manner consists of using a
different spectral band 1n addition to the standard colours of
red, green and blue, e.g. a 800 nm-900 nm band or any other
band above and/or below the visible spectre. The pixels sen-
sitive to such fourth spectral band will not necessarily be
uselul to the rebuilding of the visible image, but will mainly
serve for estimating the distance of the objects 1n comparison
to the relative sharpness on this fourth spectral band with one
or several of the three standard colours.

Hence, 1t will be possible to advantageously arrange the
pixels 1n the following manner: by departing from a standard
red, green, blue Bayer layout, all the NxM pixels and several
other pixels will be substituted by pixels that are sensitive
within such fourth spectral band. By selecting N and M with
arather large factor (1or example, 64 each) and by substituting
9 of the pixels, we can thus ensure that only approximately 1
pixel out of 1000 1n the standard Bayer mode 1s affected.
Hence, during the building of the image, such pixels will be
considered as “burned pixels” with their values being filtered.

Thereby, a photographic apparatus 1s obtained, enabling to
provide more precise distance indications of the imaged
objects every NxM pixels of the image.

Description of a Second Sensor Optimising the Method
According to the Invention

In another embodiment, shown 1n FIG. 20.2, we depart
from a standard Bayer layout in which are provided three
pixels R, G, B and one pixel U corresponding toa partofa UV
or inirared spectral band. By infrared and/or ultraviolet 1s
meant all parts of the spectre beyond or below the visible
spectre, notably the near infrared, such as 700 to 800 or 700 to
900 nm, or the near ultraviolet, near by 400 nm. Such pixel U
1s used to 1improve the sharpness of the visible colours as
shown 1n the diagram of FI1G. 20.1.

On this diagram are noted: the distances “d” of the objects
imaged with a capturing apparatus, 1n abscissa, and the diam-
cter “D” of the blur spot, 1n ordinates. The curves, 20.3, 20 .4,
20.5 and 20.6 represent the vaniation of the diameter “D”
depending on the distance “d” for, respectively, the red “R”,
the green “G”, the blue “B” and the ultraviolet “U”. The right
20.7 represents the threshold of sharpness defiming the depth
of field.

Hence, the distance “d1” represents the limit of the depth of
field for a capturing apparatus comprising “RGB” pixels and
not U pixels, while using the method for improving sharpness
according to the imvention. The distance “d2” represents the
limit of the depth of field obtained with a capturing apparatus
comprising the sensor represented 1n FIG. 20.2 and using the
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method for improving sharpness according to the invention.
The “U” pixels serve only to retlect the sharpness of the “U”
colour onto the “RGB” colours for those objects located
between the distances “d1” and “d2”. Hence, the final image
will only comprise the three “RGB” colours (or any other
known visible colour span).

As a variant, pixels sensitive to the near infrared will be
added 1n order to improve the sharpness on greater distances.

Increase of the Longitudinal Chromatic Aberrations

According to the invention, advantage 1s taken of the exist-
ence of variations 1n the relative sharpness between two
colours depending on the distance of the objects. Hence, we
will be able to design optics representing relative sharpness
between the three very different colour planes depending on
the distance. Such optics are said to represent high longitu-
dinal chromatic aberrations.

In a practical sense, optics could, for example, be designed
so that on a wide range of distances: the smallest of the spot
diagram diameters (diameter of the blur spot) from among the
three colours 1s below a first pre-determined threshold, and
the biggest of the spot diagram diameters from among the
three colours 1s below a second pre-determined threshold.
Alternatively, the BXU value could be used instead of the
diameter of the spot diagram.

The two thresholds are determined according to, for
example, the capacities and constraints of the digital process-
ing for generating the image, on the one hand (like, for
example, the size of the filter “F” described below), and the
specifications of the sensor, on the other.

The figures represent an example of the BXU measure-
ments (Y-axis) pour the three RVB colour planes, depending,
on the distance (axis in abscissa) for a lens designed 1n this
manner. The values shown are those at the centre of the image
field. For each point of the image field, various, although
similar, curves can be measured. S1 and S2 designate the two
thresholds described above. The range of distances comply-
ing with the above two criteria 1s thus, for this lens, approxi-
mately 12 cm-infimty (d1->mnfinity in FIG. 18), which
implies that 1t 1s possible to rebuild a sharp image for scenes
imaged within such range of distances.

Using a standard lens would have resulted 1n three curves,
near to the curve of the red R colour, and thus 1n an optics
system only enabling the rebuilding of sharp images for
objects located at far-off distances, 25 cm-infinity
(d2—1nfinity).

Hence, 1t 1s also possible to use a lens having longitudinal
chromatic aberrations, such as for a given focus, aperture and
tocal length, where there exists at least one colour for which
the distance involving the best sharpness 1s lower than

2
.
O-P

k being a coellicient less than 0.7, preferably lower than 0.5,
{ being the focal distance, O being the aperture and P having
the smallest (among all colours of the image) diameter of the
blur spot of an object point situated 1n infinity.

Application on the Automatic Resolution Adaptation

We are now going to describe an embodiment variant of the
invention enabling to automatically adapt the resolution of
the 1mage to the possible blur linked to a shot beyond the
depth of field of the capturing apparatus.

When the imaged scene 1s too close-up (below the depth of
field), the image 1s blurred, 1.e. the spot diagram (the blur
spot) occupies an additional spot having X pixels in diameter,
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X being a pre-determined diameter defining the limit of the
depth of field. A digital sub-sampling of the 1image (zoom
out), shall reduce the size of the blur spot by a factor depen-
dant upon the type of sub-sampling used, though typically
within the size-range of the considered sub-sampling factor.
Thereby, a sharp image will be able to be generated using the
digital 1mage, though of lower resolution by selecting the
sub-sampling factor so that the blur spot 1s lower, once the
image has undergone sub-sampling, at given threshold.

As a variant, 1n order to minimise calculations, we shall
begin by sub-sampling, as described above, before increasing
the sharpness according to the invention.

Application on the Alteration of Sharpness—Filtering

As for the distance measurement (FIG. 8), 1t 1s possible to
extract the expected sharpness from each colour of the digital
image using the relative sharpness measurement between two
colour planes.

According to an embodiment of the invention, the process
includes a sharpness alteration for each pixel of the zone 7!,
by way of a filter mixing the pixel values within a predeter-
mined vicinity of each pixel, the filter parameters depending
upon the measured relative sharpness.

Indeed, an 1image-capturing device equipped with a lens
will show different sharpness depending on the colour planes
and according to the distance of the imaged objects. The fact
of the sharpness (or the blur) being dependent upon the dis-
tances of the imaged objects makes 1t impossible to increase
sharpness by using a pre-determined process, such as a filter-
ing of pre-determined sharpness.

An embodiment variant of the invention consists 1n select-
ing or in adapting the sharpness filters to the measured rela-
tive sharpness.

A particular case, already described, of the adaptation of
the filtering or alteration of sharpness consists of reflecting,
the sharpness of the sharp colour onto at least one other
improved colour, such reflection being achieved by using a
calculation of the type CA=CN+F(CO-CN), where CA rep-
resents this improved colour, CO represents the improved
colour prior to processing, CN represents the sharp colour and
F represents a filter, namely a low-pass filter.

However, 1n a more general manner, a sharpness filter
involving all (or a sub-group of all) colours could be used.
Hence, 1n the case of a digital image RGB (or RVB) for
processing the value of a pixel P, the filter M may alter the
value of pixel P, depending on the values of the pixels within
a vicinity of the pixel P on all three colours.

For example, by noting RN, GN, BN, the digital data
relating to the red, green and blue colours of the digital image,
and RA, GA, BA, the digital data relating to the colours of the
improved 1image, 1t 1s possible to select the filter M, such as an
operator undertaking the following operations:

GA=GN+c_GG*M_GG(GN)+c_GR*M_GR(RN)+
c_GB*M_GB(BN)

RA=RN+c_RG*M_RG(GN)+c_RR*M-RR(RN)+c__
RB*M__RB(BN)

BA=BN+c_BG*M_BG(GN)+c_BR*M-BR(RN)+c__
BB*M_BB(BN),

Where:

M_{R,G.B}{R,G,B} represent the filters, which can be
selected like linear filters with a nil sum, like for example, the
high-pass frequency filters. ¢_{R,G,B}{R,G,B} represents
the coefficients balancing the impact of each filter M_{R,G,
B}{R,G,B}.

Such filtering example may also reflect the sharpness of the
sharpest colour onto the others. For example, supposing that
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only the colour blue is sharp, the high-pass filters M_{R.G,
B}{R.,G,B} will provide values nearing 0 when applied to the
colours green and red which are blurred 1n the example. In this
particular case, GA shall thus be equal to GN plus
c_GB*M_GB(BN), 1.e. GN plus the high frequencies of the
blue colour. The green colour thus inherits the sharpness of
the sharp colour (the blue). The same applies for the red
colour.

In practice, the sharpness of the colours 1s not a binary
factor; hence, the filters M_{R,G,.B}{R,G,B} and the coefti-
cients ¢_{R,G,.B}HR,G,B} may be adapted to the various
possible values of the colour sharpness.

An embodiment example of such adaptation, 1n the context
of RGB images stemming from a given capturing apparatus,
1s as follows:

The relative sharpness values of the red are considered in
relation to the green; likewise the blue 1n relation to the green:
V_GR, V_GB. Such values are quantified so that the values
thus quantified constitute an entry into a table 2D of reason-
able size. For each entry (V_BR, V_BG quantified value
couples), aset of filters M_{R,G,B}{R,G,B} is associated, as
well as a set of adapted coefficients ¢_{R,G,B}H{R,G,B}. In
the particular case where we are seeking to improve the
sharpness of the digital image, the filters M_{R,G,B}{R,G,
B} and a set of coefficients ¢_{R,G.B}{R,G,B} can be pre-
determined for each entry, thus ensuring that the sharpness of
a digital 1image, taken by the capturing apparatus and having
relative sharpness corresponding to the entry, 1s perfectly
corrected through application of the filter M.

It will also be possible to refine the filter M 1n order to take
account of the fact that the three colours do not vary on a large
scale 1n the same manner, notably 1n the coloured zones (as
oppose to the black, grey or white zones) of the digital image.
For that, it will be possible, for example, to balance out, 1n
each pixel P of the zone 7', the actions of the filters M_ {R,
G.B}{R,G,B} by increasing the relative variations of the
colours within a vicinity of the pixel P.

In certain case, the association table between considered
relative sharpness and a set of filters may comprise other
entries like, for example, the position of the zone 7' within the
field of the 1image or the parameters of the shots as the value
of the focal length, of the aperture, of the focussing distance,
etc., and of the optics system during picture-taking. Indeed, 1t
1s common that the sharpness specifications of a digital image
also depend upon these factors.

Thereby, 1n order to correct the sharpness of a digital
image, the image field will first be divided up into several
zones 7' and the method will be applied to each one of the
zones. The division shall preferably be performed according
to the sharpness specifications of the colours so that the sharp-
ness of the colours 1n each zone reveal a certain harmony.

With this embodiment can be obtained an automatic adap-
tation of the sharpness filtering applied to the digital image,
and to the distance between the imaged scene and the captur-
ing apparatus. It 1s also to be noted that, through using the
relative sharpness, such automatic adaptation to the distance
can be done without having explicit knowledge of such dis-
tance.

Beyond the sharpness alteration of the digital image, such
embodiment of the method also enables the automatic adap-

tation ol processes aiming, for example, to correct optical
and/or sensor defects whose effects on the image depend on
the distance between the imaged scene and the capturing
apparatus. The blur (or loss of sharpness) 1s an example,
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though other optical and/or sensor defects, such as geometric
distortions or vignetting, constitute other examples.

PRINCIPLES OF THE INVENTION

Description of FIGS. 19.1,19.2,19.3

FIGS. 19.1,19.2 and 19.3 show the steps of the method 1n
accordance with the ivention, according to several embodi-
ment modes.

FIG. 19.1 represents an image 10 comprising a region R
and having two colours 195 and 196, a measurement of rela-
tive sharpness 190 between the two colours 195 and 196
within the region R of the image 10, a function 191 activated
depending on the measured relative sharpness. As an option,
the function activated depends upon a mode 193 correspond-
ing, for example, to a selection made by the user of the
apparatus, and/or a specification of the capturing apparatus
during picture-taking.

FIG. 19.2 represents an image 10 comprising a region R
and having two colours 195 and 196, a measurement of rela-
tive sharpness 190 between the two colours 195 and 196
within the region R of the image 10, a function 191 activated
depending on the measured relative sharpness comprising a
processing of the image 10 and producing a processed image
192. As an option, the function activated also depends upon a
mode 193 corresponding, for example, to a selection made by
the user of the apparatus, and/or a specification of the captur-
ing apparatus during picture-taking.

FIG. 19.3 represents an image 10 comprising a region R
and having two colours 195 and 196, a measurement of rela-
tive sharpness 190 between the two colours 195 and 196
within the region R of the image 10, a function 191 activated
depending on the measured relative sharpness comprising a
processing of another image 194 and producing a processed
image 198. As an option, the function activated also depends
upon a mode 193 corresponding, for example, to a selection
made by the user of the apparatus, and/or a specification of the
capturing apparatus during picture-taking.

Application on the Alteration of the Contrast and/or of the
Brightness and/or of the Colour and/or of the Sharpness

We are now going to describe an embodiment of the inven-
tion 1n which the function activation consists of moditying the
image contrast and/or luminosity and/or colour, depending on
the relative sharpness between at least two colours within at
least one region R of the image.

Using the relative sharpness between at least two colours 1n
at least one region R of the image, directly or indirectly (for
example, with a step for estimating the geometry of the scene
in 3 dimensions), enables, for example, to simulate the addi-
tion of a local lighting, for example, a flashlight positioned
anywhere 1n the scene, and/or, conversely, to reduce the effect
of a flash or lighting of various colours within the scene.
Hence, it 1s possible to reduce the backlighting and flat-tint
eifects of light linked to the flash.

In an embodiment, a digital image 1s divided into regions
depending on the relative sharpness between at least two
colours, 1n order that each 1mage region 1n a part of the scene
1s located within a range of given distances and which 1s
oriented 1n a given direction. An indication of the direction
can be obtained using the local variation of the relative sharp-
ness 1 the image. An indication of the distance can be
obtained using the relative sharpness, as described above. It 1s
also possible to directly use the relative sharpness and 1ts
variation without passing by a distance and an orientation.

In order to add or modity a lighting, it 1s possible to deter-
mine, for each region, the quantity and the colour of the light



US 7,920,172 B2

39

to be added or removed for each point, since the distance to
the simulated source 1n relation to the imaged point 1s known,

as 1s the orientation of the imaged object 1n relation to the
source.

In an embodiment, the geometry of the scene in three

dimensions 1s reconstituted by measuring the distance via a
large number of points 1n the image. We will thus use a known
art 1n the field of 1image synthesis for the purpose of adding
lighting to the scene (ray casting or other).
In an embodiment, a lighting 1s added to the main subject or
subjects, as adapted to each subject in order to provoke a
“fill-in” effect simulating one or several flashlights positioned
opposite or on the side of each subject. This operation can be
conducted automatically and independently for each subject.
Using the known art, the addition of lighting for each subject
1s only possible by way of studio lighting.

Similarly, it 1s possible to determine the strength of the
flashlight according to the nearest subject for the purpose of
illuminating 1t correctly, and then to complete lighting on the
other subjects by adding a simulated lighting.

It 1s also possible to determine the colour of the lighting for
cach region by way of a known method for estimating the
white balance and then to render uniform the colour of the
scene’s lighting. In the state of the art, white balance 1s gen-
crally estimated due to lack of information on the 3-dimen-
sional geometry of the scene.

Description of FIGS. 18.1 and 18.2

FI1G. 18.1 represents a sensor 2, producing a raw 1mage 180
undergoing a pre-treatment, for example white balancing,
and/or a compensation of the black level, and/or a noise
reduction, in order to produce a pre-processed image 182.
Also represented 1s a relative sharpness measurement 190
activating a function 191 corresponding to a process imple-
menting the pre-treated 1image 182 and the measurement of
relative sharpness 190, 1n order to produce a processed image
192. Finally 1s represented a downstream process of the pro-
cessed 1image 192, corresponding, for example, to a demosa-
icing or to other necessary processes for converting a visible
raw 1mage.

FIG. 18.2 represents a sensor 2, producing a raw 1mage
180. Also represented 1s a relative sharpness measurement
190 activating a function 191 corresponding to a process
implementing the raw 1image 180 and the measurement of
relative sharpness 190, 1n order to produce a processed image
192. Finally 1s represented a downstream process of the pro-
cessed 1image 192, corresponding, for example, to a demosa-
icing or to other necessary processes for converting a raw
image 1nto a visible image.

In a variant, the function implements a process on a visible
image.

Simplification of the Optics

The invention 1s applied to an apparatus comprising vari-
able parameters when capturing the digital image and having
an 1ntluence on the sharpness of the colours, notably a cap-
turing apparatus with a zoom, and/or a lens with variable
focussing and/or a variable aperture. Thus, the sharpness
curves 8.2 and 8.3 shall be used, corresponding to the value of
the vaniable parameters according to the digital image.

As described, the invention enables to digitally restore
focussing without a mobile unit and without delay, which thus
enables to reduce the complexity of a zoom by removing at
least one mobile part. For example, according to the distance
of the subject and of the focal length, the relative sharpness
between two colours can be variable, whereas this 1s not
acceptable 1n the known optics.
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The mvention claimed 1s:
1. A method for activating at least one function by using a
measurement taken from at least one digital image having at
least two colours and oniginating from an image-capturing
apparatus, wherein:
a relative sharpness 1s measured between at least two
colours on at least one region of the digital image, and

at least one function, from a plurality of functions, 1s acti-
vated depending on the measured relative sharpness, the
plurality of functions including a function to determine
a distance between the capturing apparatus and at least
one object i the digital image based on the relative
sharpness.

2. A method according to claim 1 wherein the at least one
function activated 1s included 1n a group comprising;:

a determination of a relative distance between two 1maged

objects,

an action depending on the said distance and/or the said

relative distance,

a process on at least one zone 7' of the digital image and/or

of another digital image,

a servo-control of the capturing apparatus and/or a servo-

control of another apparatus,

a provision of an indication and/or alarm and/or alert signal

{0 a user,

a detection of a part of the 1image, an alteration of a colour

sharpness,

a determination of a position and/or of the movement of the

capturing apparatus,

a determination of a subject’s position within the image, an

alteration of at least one 1mage specification,

an alteration of all or part of the 1image,

a determination ol a zone of interest inside the image,

notably 1n order to provide a servo-control signal,

an alteration of a resolution for all or part of the image,

a provision of data relating to the image,

a provision of data to a sound-capturing device,

a parametering of a compression,

at least one adjustment for the capturing apparatus.

3. The method according to claim 1 or 2, wherein

the function activated includes a process on at least one

zone 7' of the digital image and/or of another digital
image, and

the zone 7' 1s included 1n all or part of the digital image

region, and/or the whole digital image, and/or a separate
zone from the digital image region, and/or another digi-
tal image, and/or another whole digital image.

4. The method according to claim 3 wherein the zone 7', for
which a process 1s activated, comprises at least one pixel of an
image and wherein a region R comprises a pre-determined
vicinity of the corresponding pixel 1n the digital image.

5. The method according to claim 4, wherein the process 1s
applied to all the pixels of an 1mage.

6. The method according to claim 3, wherein the process on
at least the zone 7' includes alteration of at least one specifi-
cation contained in the group comprising: sharpness, con-
trast, luminosity, detail, colour, the type of compression, the
rate of compression, the image contents, the resolution.

7. The method according to claim 3, wherein the process
includes an alteration of the sharpness of each pixel in the
zone 7' by way of a filter mixing the values attached to the
pixel or pixels within a pre-determined vicinity for each pixel,
the parameters of the filter depending upon the measured
relative sharpness.

8. The method according to claim 3, wherein the zone 7' 1s
determined by using the measured relative sharpness.
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9. The method according to claim 3, wherein the zone 7' 1s
included 1n a background for an 1mage, notably destined for
remote transmission, through a system of visio or video-
conferencing.
10. The method according to claim 3, wherein
the process includes the provision of data depending on the
distance between the 1maged object and the capturing
apparatus for all or part of the pixels of the zone 7', and

the storage and/or the transmission and/or the use of such
data 1s activated depending on the distance, the stored
data notably being saved 1n a data-processing file, in an
image file.

11. The method according to claim 1, wherein the function
activated includes a servo-control of the capturing apparatus,
such as a servo-control for focussing and/or of exposure,
and/or of flash, and/or for image-framing, and/or for white-
balancing, and/or for image-stabilising, and/or a servo-con-
trol of another apparatus or device linked to the capturing
apparatus, including guiding of a robot.

12. The method according to claim 1, wherein the function
activated 1includes a provision of a signal, including an indi-
cation signal of the main focal point of the digital image
and/or of a focussing zone and/or of the distance of at least
one part of the imaged scene, to the capturing apparatus.

13. The method according to claim 1, wherein the function
activated depends upon at least one specification of the cap-
turing apparatus during picture-taking including the focal
length, the aperture, the distance for focussing, the exposure
parameters, the white-balance parameters, the resolution, the
compression, or an adjustment made by the user.

14. The method according to claim 1, wherein the digital
image 1s included in a raw 1mage stemming from the sensor of
the capturing apparatus.

15. The method according to claim 1, wherein the mea-
surement 1s made 1nside the capturing apparatus and/or the
function activated 1s made 1nside the capturing apparatus.

16. The method according to claim 1, wherein the mea-
surement 1s taken beyond the capturing apparatus, including
on a computer aiter transier of the image, and/or wherein a
function 1s activated beyond the capturing apparatus.

17. The method according to claim 1, wherein the function
activated comprises a detection and/or recognition activation
ol a part of the 1image, including detection and/or recognition
of the face.

18. The method according to claim 1, wherein the mea-
surement comprises a measurement ol relative sharpness
between a first colour and at least a second colour, referred to
as the other colour, and wherein the activation comprises
alteration of the sharpness of the other colour depending on
the sharpness of the first colour.

19. The method according to claim 18 wherein the sharp-
ness alteration of the other colour 1s embodied using a calcu-
lation of the type CA=CN+F(CO-CN), where CA represents
the other improved colour, CO represents the other colour
prior to processing, CN represents the first colour and F
represents a filter.

20. The method according to claim 18, wherein alteration
ol the sharpness of the other colour 1s an improvement of the
sharpness, the first colour being referred to as the *“sharp
colour”.

21. The method according to claim 20 further comprising:

decomposing the digital image into regions, the sharp

colour being selected one for each region.

22. The method according to claim 20, the said capturing
apparatus comprising a macro mode, a method wherein the
sharp colour 1s selected depending on activation of the macro
mode.
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23. The method according to claim 18, wherein the sharp-
ness of at least one colour within at least one 1mage zone 1s
reduced.

24. The method according to claim 1, for which the said
digital image stems from a capturing apparatus comprising a
lens, the said method further including the step to select a lens
from among a series of pre-determined lenses, the said lens
representing specifications such that the images of an object
with at least two distinct pre-determined distances represent

distinct colours of sharpness, thus improving the depth of
field and reducing the cost of the lens.

25. The method according to claim 1, wherein the function
activated comprises a measurement of the position and/or
movement of the capturing apparatus.

26. The method according to claim 1, wherein the function
activated mvolves determination of the position of the main
subject or subjects in the 1image.

277. The method according to claim 26 wherein the function
activated further involves the automatic framing, including
the centering, zooming or reframing of the digital image,
and/or of another image, 1n relation to the main subject of the
digital image.

28. The method according to claim 1, wherein the function
activated comprises the application of a process depending on
the relative sharpness and on the user’s choice.

29. The method according to claim 1, wherein the function
activated comprises alteration of the contrast and/or of the
brightness and/or of the colour and/or of the sharpness of an
image, depending on the variation of the relative sharpness
within the 1mage.

30. The method according to claim 1, wherein the function
activated comprises provision ol the position of at least one
zone of interest for consideration to a servo-control of expo-
sure and/or of white balance and/or of focussing, such zone of
interest being determined by comparing at least two relative
sharpness measurements.

31. The method according to claim 1, wherein the function
activated comprises provision of a signal to the user, indicat-
ing that the 1mage 1s taken too close-up to be sharp.

32. The method according to claim 1, wherein the function
activated comprises alteration of an image resolution depend-
ing on the relative sharpness.

33. The method according to claim 1, wherein the function
activated comprises the provision of a signal used for an
automatic indexing of the digital image.

34. The method according to claim 1, wherein the function
activated comprises provision of remote or directional data, 1n
relation to the capturing apparatus, of a subject or an object of
the digital image, to a sound-capturing device.

35. The method according to claim 1, wherein the function
activated includes the parametering of increased compression
for the background, and of reduced compression for the main
subject or subjects, such main subject or subjects being deter-
mined as an 1mage zone complying with the criteria based
upon the measured relative sharpness.

36. The method according to claim 1, wherein the appara-
tus comprises a sensor having pixels equipped with coloured
filters of at least two types, the said filters being selected so
that their spectral responses entail little overlapping.

377. The method according to claim 1, wherein the appara-
tus comprises a sensor having pixels mainly serving to gen-
crate the 1image, and other pixels mainly serving to measure
the relative sharpness.

38. The method according to claim 37, wherein the pixels
of the sensor, mainly serving to measure the relative sharp-
ness, have a spectral response within a spectral band which
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entails little overlapping with the spectral band of the sensor’s
pixels, mainly serving to generate the image.

39. The method according to claim 37 wherein the pixels of
the sensor, mainly serving to generate an 1mage, have a spec-
tral response that 1s mainly within the field visible to the
human eye, and wherein the other pixels have a spectral
response, mainly beyond the field visible to the human eye.

40. The method according to claim 1, in which the captur-
ing apparatus includes a sensor comprising spectral-response
pixels, mainly within the field visible to the human eye, and
additional pixels having a spectral response, mainly beyond
the spectre visible to the human eye, and where the sharpness
of the part of the image stemming from these additional pixels
exceeds, within at least one range of distances between the
capturing apparatus and the imaged scene, the sharpness of
the part of the image supplied by the response pixels, mainly
within the field visible to the human eye.

41. The method according to claim 1, wherein the appara-
tus 1s equipped with a lens lacking a mobile or tlexible ele-
ment for focussing.

42. The method according to claim 1, wherein the appara-
tus 1s equipped with a lens having a variable focal length with
no mobile or flexible element for focussing.

43. The method according to claim 1, wherein the appara-
tus 1s equipped with a lens having a variable focal length with
a single mobile or flexible optics group.

44. The method according to claim 1, wherein the digital
image stems from at least two sensors.

45. The method according to claim 1, wherein the function
activated comprises the addition of an object inside an image
and/or the replacement of a part of an 1mage depending on the
measured relative sharpness on the digital image.

46. The method according to claim 1, wherein the captur-
ing apparatus capturing a sequence ol images, the digital
image being a part ol the sequence, the action 1s performed on
at least one other image of the sequence.

477. The method according to claim 1, wherein the function
activated alters at least one adjustment of the capturing appa-
ratus, including the focal length, the aperture, or the distance
for focussing.

48. The method according to claim 1, wherein the function
activated comprises the production of an altered raw 1mage.

49. The method according to claim 1, wherein the appara-
tus comprising a lens having longitudinal chromatic aberra-
tions, including for a given focus, aperture and focal distance,
there exists at least one colour for which the distance 1nvolv-
ing the best sharpness 1s lower than

f2

f—
O-P’

k being a coellicient lower than 0.7, I being the focal length,
O being the aperture and P having the smallest, from
among all the colours of the image, diameter of the blur
spot of an object point situated 1n 1nfinity.

50. The method according to claim 1, wherein the mea-
surement of relative sharpness between two colours 1s made
by comparing the results of a first measurement applied to the
first colour and the results of a second measurement applied to
a second colour, each measurement being such that 1t depends
upon, on the one hand, the colour, and upon the contents of the
digital image on the other, the comparison being such thatitis
removed from the digital image contents.

51. The method according to claim 1, the said digital image
stemming from a capturing apparatus comprising a lens, the
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said method further comprising the step to design a lens
representing specifications such that the images of an object
with at least two pre-determined distances represent distinct
sharpness colours:

in order that the depth of field and/or the aperture and/or

every other optical specification 1s improved, and/or that
the cost of the optics 1s reduced.
52. An 1mage-capturing and/or reproducing apparatus
comprising an optical system for capturing and/or reproduc-
Ing 1mages, an image sensor and/or generator and/or a servo-
control system, the 1mage being processed, 1n view of 1ts
improvement, by digital image-processing means,
the method being such that the user determines or selects
the optical system and/or the sensor and/or the 1image
generator and/or the servo-control system parameters,
using the capacity to process images via digital means,
and further determines or selects improvement of a
colour sharpness depending on another colour 1n accor-
dance with a method according to claim 1,

in order to minimise the embodiment costs and/or to opti-
mise the performances of the image-capturing and/or
reproducing apparatus.

53. An 1mage-capturing apparatus using the method
according to claim 1.

54. A digital image-processing device using the method
according to claim 1.

55. A method according to claim 1 enabling to improve
sharpness of at least one colour of a digital image, notably
stemming {from an 1image-capturing device, comprising:

selecting from among a plurality of colours at least one

colour referred to as “sharp colour;” and

reflecting the sharpness of the sharp colour onto at least one

other improved colour, so that the improved colour rep-
resents increased sharpness.

56. The method according to claim 55 further comprising:

decomposing the digital image into regions, the said sharp

colour being selected for each region.

57. The method according to claim 36, the said digital
image stemming from a capturing apparatus, the said method
turther comprising:

determinming the distance between the capturing apparatus

and at least one object of the captured scene by using the
sharpness of at least two colours 1n an 1mage region of
the said object.

58. The method according to claim 57 further comprising:

reducing the sharpness of at least one colour within at least

one image region.

59. The method according to claim 57 further comprising:

determining a servo-control imstruction for the said captur-

ing apparatus by using the sharpness of at least two
colours 1n order that focussing 1s achieved in fewer steps
and 1s accelerated.

60. The method according to claim 35, the said sharp
colour selection being that of choosing the sharpest colour
according to a pre-determined rule.

61. The method according to claim 55, the said “‘sharp
colour” selection being pre-determined.

62. The method according to claim 355, the said digital
image stemming from a capturing apparatus, the said sharp
colour selection depending on the distance between the cap-
turing apparatus and at least one object of the captured scene
in order to obtain the said digital image.

63. The method according to claim 355, the said 1mage
apparatus comprising a macro mode, the said sharp colour
selection depending upon activation of the macro mode.
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64. The method according to claim 55, the said digital
image stemming from a capturing apparatus comprising a
lens, the said method further comprising:
selecting a lens from among a series of pre-determined
lenses, the said lens representing specifications such that
the 1mages of an object having at least two pre-deter-
mined distances represent distinct sharp colours, thus
improving the depth of field and/or reducing the cost of
the lens.
65. The method according to claim 55, wherein repercus-
s1on of the sharpness of the sharp colour on at least one other
improved colour 1s embodied by using a calculation of the
type CA=CN+F(CO-CN), where CA represents the
improved colour, CO represents the improved colour prior to
processing, CN represents the sharp colour and F represents a
filter.
66. The method according to claim 55, the said digital
image stemming from a capturing apparatus comprising a
lens, the said method further comprising:
designing a lens by taking account of the method according,
to the invention, the said lens representing specifications
such that the images of an object with at least two pre-
determined distances represent distinct sharp colours:

in order that the depth of field and/or the aperture and/or
every other optical specification 1s improved and/or the
cost of the optics 1s reduced, and
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in order that the mechanical focussing can be achieved by

using fewer positions.
67. An image-capturing and/or reproducing apparatus
comprising an optical system for capturing and/or reproduc-
Ing 1mages, an image sensor and/or generator and/or a servo-
control system, the 1mage being processed, 1n view of 1ts
improvement, by digital image-processing means,
the method being such that the user determines or selects
the optical system and/or the sensor and/or the 1image
generator and/or the servo-control system parameters,
using the capacity to process 1images via digital means,
and especially for improving the sharpness of a colour
depending on the sharpness of another colour i accor-
dance with a method according to claim 55,

in order to minimise the embodiment costs and/or to opti-
mise the performances of the image-capturing and/or
reproducing apparatus.

68. The image-capturing and/or reproducing apparatus
using the colour-improvement method according to claim 55.

69. A digital image-processing device implementing the
method according to claim 55.

70. A digital image obtained using the 1mage-capturing,
and/or the reproducing apparatus according to claim 68.
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